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Cover—This shot of the XF2Y-1 Sea-Dart, a jet- 


powered seaplane built by Consolidated Vul- 
tee Aircraft Corporation for the U.S. Navy, 
was taken immediately after its initial launching 
preparatory to starting preflight runs. This ex- 
perimental delta-wing seaplane is equipped with 
hydroskis, the first such application to a combat- 
type aircraft in this country. The XF2Y-1 is 
powered by two Westinghouse turbojet engines. 
All performance details are classified. 
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1.A.S. News Notes 


April 1953 


APPLICATIONS TO ATTEND INTERNATIONAL CONFERENCE DUE MAY 1 


Notices regarding the Ath I.A.S.-R.Ae.S. International Aeronautical Conference, 
to be held in London, September 7-17, have now been mailed to all Institute 
members. Those wishing to attend should write to the Institute Secretary, Mr. 
R. R. Dexter, for formal application blanks immediately. Attention is called 
to the fact that APPLICATIONS MUST BE FILED AT I.A.S. HEADQUARTERS BY MAY 1. 


HH 


1953 AERONAUTICAL ENGINEERING CATALOG NOW AVATLABLE 


The latest Catalog, just off press, has been greatly expanded and improved over 
previous editions. Copies are being mailed immediately to all members who have 
requested them previously. Other'members, who have specific need for a products 
directory of this type, may obtain one free copy by sending in a request. A 
limited number are available to nonmembers at a price of $7.50 per copy. 
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U. OF MICHIGAN SHORT-COURSE IN GAS TURBINES OFFERED 


An intensive course in gas turbines will be presented at the University of Mith- 
igan from June 29 to July 10. Requests for information should be directed to: 
Frank L. Schwartz, Professor of Mechanical Engineering, 231 West Engineering 
Building, University of Michigan,:Ann Arbor, Michigan. 


FIRST IOWA THERMODYNAMICS SYMPOSIUM 


A two-day symposium on Thermodynamics is being held on April 27-28 at the: State . 
University of Iowa, Iowa City. Further information may be obtained by writing 
there to Dean Francis M. Dawson, College of Engineering. 


NECROLOGY 

Mrs. Minta Martin, mother of I.A.S. Honorary Fellow, Glenn L. Martin,and one of 
the country's oldest and most ardent woman aviation enthusiasts and supporters, 
passed away at the Martin home in Baltimore on March 1. 


NATIONAL MEETINGS CALANDAR 


May 20-22 


I.A.S., and 1.S.A. Joint International Telemetering 
Conference, Edgewater Beach Hotel, Chicago, Illinois 

July 15-16 Annual Summer Meeting and Honors Dinner, Los Angeles, California 

Sept. 7-17 c Fourth International Aeronautical Conference, London, England 
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1.A.S. News Notes (con’t.) 


CALANDAR OF SECTION MEETINGS 


April 1---Philadelphia Section: Engineers’ Club of Philadelphia, Dinner, 
7:00 p.m.; Meeting, 8:00 p.m. Speaker and subject not known at press 
time. 

April 1---Wichita Section: Location not known at press time. "Helicopters in 
Korea" by Tom Harriman, Assistant Chief Engineer, Bell Aircraft Co. 

April 2---San Diego Section: I.A.S. Building, Dinner, 7:00 p.m. "Aircraft 


Anti-Icing" by Vic Hudson, of Convair, and Carl Christianson, of 
United Air Lines. 


.April 3---Los Angeles Section: I.A.S. Building. Symposium on "Frontiers of 
Man-Controlled Flight." (Cosponsored by Institute of Transportation 


and Traffic Engineering of U.C.L.A. and presented by the Aeromedical 
Engineering Association.) 

April 7---Washington Section: Natural History Museum, Smithsonian Institution, 
Meeting, 8:00 p.m. "Aviation Safety Research Trends and Technology" 
by William Littlewood, American Airlines; Dr. T. L. K. Smull, N.A.C.A. 
Frank Brady, A.T.A.; and Jerome Lederer, Flight Safety Foundation. 

April -9---Los_ Angeles Section: I.A.S. Building, Specialist Meeting, 8:00 p.m. 
"Ram-Air Turbine Driven Auxiliary Power Units for Missiles" by 
Edward I. Brown, Marquardt Aircraft Co. , 

April 13---Boston Section: Raytheon Mfg. Co., Newton, Mass., Meeting, 8:00 p.m. 
"Future Trends in Aviation" by Dr. C. C. Furnas, Director, Cornell 
Aeronautical Laboratory. 

April 16---Los Angeles Section: I.A.S. Building, Social Hour, 5:30 p.m.; Dinner 
63:30 peme; Meeting, 8:00 p.m. Speaker and subject not know at press 
time. 

April 21---Cleveland-Akron Section: To be held in Cleveland, but exact location 
not known at press time, Meeting, 6:30 p.m. "Engineering Aspects of 
Supersonic Flight" by C. L. Johnson, Lockheed Aircraft Corp. 

April 22---St. Louis Section: Forest Park Hotel, Dinner Meeting, 6:30 p.m. 

"The Airport Problem" by Charles F. Horne, former C.A.A. Adminis- 
trator. (Joint N.A.A.-I.A.S. Meeting.) 

April 22---Toronto Section: Room 254, Mechanical Engineering Building, Univer- 
sity of Toronto, Meeting, 8:15 p.m. "Engineering Aspects of Sail- 
plane Design and Flight" by Paul Schweizer. (Date for this meeting 
is tentative.) 

April 23---Los Angeles Section: I1.A.S. Building, Specialist Meeting, 8:00 p.m. 
"Some Aerodynamic Effects of Streamwise Gaps in Low-Aspect-Ratio 
Lifting Surfaces at Supersonic Speeds" by Z. 0. Bleviss and R. A. 
Struble, Douglas Aircraft Co. 


April 23---San Diego Section: I.A.S. Building, Specialist Meeting, 7:30. p.m. 
"Instrumentation." 


April 28---Hagerstown Section: Packet Room, Terrace Restaurant, Social Hour, 


7330 pem.; Meeting, 8:00 p.m. "Vertically Rising Airplanes" by 
Charles H. Zimmerman, N.A.C.A. 


May 27---St. Louis Section: Engineers' Club, Dinner Meeting, hour not known 


at press time. (Joint S.A.E.-I-A.S. Meeting to which students of 
local branches are being invited.) 
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ILA.S. News 


A Record of People 


Comments on the Twenty-First 
Annual Meeting 


Registration for Technical Sessions Approximates Last Year’s 
All-Time High; Capacity Crowd Attends Honors Night 
Dinner; Jeffries, Losey, Reed, and Sperry Awards Presented 


HE TWENTY-First ANNUAL MEETING of the Institute of the Aeronautical 
Sciences, which marked the completion of two decades of service to the 
aeronautical profession, drew one of the largest groups of aeronautical engineers 


and scientists yet to attend an I.A.S. 
annual meeting. The registration for 
the entire 4 days of technical sessions 
was over 1,300 and included repre- 
sentatives from all parts of the world 
and from every known field of the 
aeronautical sciences. 

> Honors Night Dinner—Some 1,400 
persons gathered in the Grand Ball- 
room of the New York’s Hotel Astor 
on the evening of January 26 on the 
occasion of the I.A.S. Honors Night 
Dinner. This exceeded by 200 per- 
sons last year’s attendance at the 
Dinner. 

The presentations of the I.A.S. 
Honorary Fellowships Fellow- 
ships and of the Jeffries, Losey, Reed, 
and Sperry awards were a high point 
of the evening’s program. The out- 
going I.A.S. President, Wellwood E. 
Beall, Senior Vice-President of Boeing 
Airplane Company, made the awards 
to their respective recipients. Fur- 
ther details concerning the presenta- 
tions of the fellowships and awards 
can be found e'sewhere in this issue. 
This includes photographs of the two 
Honorary Fellows, eight Fellows, and 
four award winners, as well as perti- 
nent information on the awards them 
selves. 
> Dinner Speaker—The Guest of 
Honor and Principal Speaker of the 
evening was General Hoyt S. Vanden- 
berg, U.S.A.F., Chief of Staff of the 
United States Air Force. The text of 
his address on ‘‘Air Power and New 
Weapons”’ will be found on page 18 of 
this issue. 


» Technical Sessions—There were 15 
technical sessions given this year. 
Each one of them was marked by good 
attendance and excellent papers and 
discussions. 

On January 26, the first day of the 
1-day meeting, sessions were held on 
the subjects of Flight Propulsion, 
Structures, Aircraft Design, and 
Rocket Propulsion. The last-named 
session was held in cooperation with 
the American Rocket Society. 

The entire day of Tuesday, January 
27, was taken up with three sessions 
on Aerodynamics. The following 
day, January 28, saw the presentation 
of three sessions (two of them in the 
form of a symposium) on Electronics 
in Aviation and one on Meteorology. 
The electronics program was arranged 
in cooperation with the Institute of 
Radio Engineers, Institute of Naviga- 
tion, and Radio Technical Commission 
for Aeronautics, while the meteorology 
session was held jointly with the 
American Meteorological Society. 

On the fourth and final day of the 
Twenty-First Annual Meeting, ses- 
sions on Aviation Medicine, Motorless 
Flight, (held in cooperation with the 
Soaring Society of America) Air Trans- 
port—Safety, and Rotating Wing Air- 
craft were held. The session on Air 
Transport—Safety was given jointly 
with The Daniel and Florence Guggen- 
heim Aviation Safety Center at Cornell 
University; the Rotating Wing Air- 
craft session was presented jointly with 
the American Helicopter Society. 
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of Interest to Institute Members 


Accounts of the various technical 
sessions presented during the annual 
meeting appear on other pages of this 
issue. Each of these write-ups has 
been prepared by the chairman of the 
session concerned. 
>» Annual Business Meeting—In ac 
cordance with the I.A.S. Constitution 
and By-Laws, the Institute’s Annual 
Business Meeting was heid on the last 
Wednesday in January, which this 
year fell on January 28. Several! 
hundred members attended the busi- 
ness meeting in person; hundreds of 
others were represented by proxies. 

The yearly reports of the President, 
Director, and Treasurer were read and 
approved. These reports were pub- 
lished in the March, 1953, issue of the 
AERONAUTICAL ENGINEERING REVIEW. 

Pictures of the 1953 I.A.S. Council 
are on a succeeding page in this issue. 
> Publication of Papers—Approxi- 
mately half of the 53 papers presented 
during the course of the Twenty-First 
Annual Meeting were received by the 
Institute in sufficient time to be pre- 
printed through the Sherman M. 
Fairchild Fund. Copies of those 
available in this form are listed on the 
Preprint Page of this issue (page 83). 

Publication of most of the papers 
delivered at the annual meeting is 
scheduled for the earliest possible 
issues of either the JOURNAL OF THE 
AERONAUTICAL SCIENCES or the AERO- 
NAUTICAL ENGINEERING REVIEW. 


LAST CALL for Roster 
Listings 
A last call is being issued for required 
data for listings in the 1953-1954 
I.A.S. Roster of Members. Make 
sure that YOUR data card is filed 


immediately. 
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Phe other day, in The New Yorker magazine, I came siait 

ross a cartoon that delighted me. It showed a small 

y in a toy shop, climbing into a remarkable contrap 

labeled ‘“‘space rocket.’’ Behind him stands his 

ther, who says apprehensively, ‘I thought those 
lings were still in the experimental stage.”’ 


suppose that every generation in recent history has 


| to adjust itself to scientific developments affecting 
habits of thought. But I doubt if mankind has ever 
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been more bewildered by such developments than is 
the case today. 

I want to spend a few minutes discussing this situa- 
tion and how the Air Force is trying to correct it—or, 
at least, trying to keep people from becoming more 
confused than they are already. 

First of all, we must recognize that modern science 
has made enormous contributions to the art of war. 
Overshadowing all others, of course, is the atomic bomb, 
and the work in progress on the even more powerful 
thermonuclear explosive. The shock of our first knowl- 
edge that atomic warfare was an actuality was followed 
by a campaign to minimize the potential decisiveness 
of atomic weapons. This campaign reached its peak 
about 1949. Since then, it has declined greatly. Other 
military agencies have begun to share the Air Force’s 
responsibilities for the delivery of atomic weapons. 

Nevertheless, there is still a great deal of confusion 
about the relationship between these weapons and other 
scientific developments in warfare. The confusion is 
compounded by the claims and predictions, many of 
them conflicting, issued by various military organiza- 
tions and arms manufacturers, who usually suggest 
that the new weapon or device they hope some day to 
perfect will supersede all others. 


For example, not long after we proved the effective- 


ness of the atomic bomb and our means of delivering it, 
a military officer published an article that seriously 
argued that our best bet in war was to occupy the 
moon and use it as a base for operations against enemies 
on earth! 


I do not ridicule this proposal. 
may truly come to pass that 
Old Testament 


For all I know, it 
in the language of the 
the moon and the planets will fight 
with us or against us. But I submit that we must keep 
these visions in perspective and consider them in order. 

We have been deluged with predictions that certain 
vehicles of war will ‘“‘soon’’ be atomic powered; that 
manless, automatic supermissiles will “‘soon’’ dominate 
the earth while orbiting platforms dominate outer 
space; or perhaps, more modestly, that some new kind 
of conventional projectile or some remodeled surface 
or subsurface vehicle will ‘‘soon’’ make everything else 
as out of date as a silk hat at Inauguration. 

I do not mean to imply that fulfillment of any of 
these plans is impossible or even improbable. Permit 
me, however, to point out that they all contain a time 
equation that is scarcely resolved by the free use of the 
word ‘‘soon.”” Further, it has not escaped my atten- 


(Continued on page 82) 
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A.S. Officers for 1953 


President Vice-President Vice-President 
Charles J. McCarthy George W. Brady C. L. (Kelly) Johnson 
Vice-President Director of Engineering Chief Engineer 
United Aircraft Corporation Propeller Division 


ar Vi Lockheed Aircraft Corporation 
Curtiss-Wright Corporation 


Staff Officers tor 1953 
S. Paul Johnston, Director 


Robert R. Dexter, Secretary Joseph J, Maitan, Controller 


Vice-President Vice-President Treasurer 
James S. McDonnell, Jr. Ernest G. Stout Preston R. Bassett 
President Staff Engineer President 
McDonnell Aircraft Consolidated Vultee Aircraft Sperry Gyroscope Company 
Corporation Corporation 


Division of The Sperry Corporation 
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Honorary Fellows 


for 
1952 


Honorary Fellows shall be persons 
of eminence in aeronautics and are 
elected by the Fellows and Honorary 
Fellows of the Institute residing in 
the United States. Not more than 
one person residing in the United 
States, nor more than one person 
residing in a foreign country, may 
be elected as Honorary Fellows in 
any one year. 


American Honorary Fellow Foreign Honorary Fellow 
James Howard Kindelberger, Chairman of Charles Clement Walker, Chief Engineer and 
the Board and Chief Executive Officer, a Founder Director, The de Havilland 
North American Aviation, Inc. Aircraft Company, Ltd., England 


Fellowships in the Institute 


Fellows of the Institute of the Aeronautical Sciences shall be those who have 
attained a position of distinction in aeronautics and made notable and valuable 
contributions in one of the aeronautical sciences or aeronautical engineering. 


Presented for 1952 to 


Carlton Bioletti Philip A. Colman G. H. Dowty Louis G. Dunn 


Assistant Director, Ames Division Engineer, Aerodynamics, - Chairman"and Managing Director, Director, Jet Propulsion Laboratory, 
Aeronautical Laboratory, N.A.C.A. Lockheed Aircraft Corporation LDowty Equipment Ltd., England California Institute of Technology 


Frank W. Fink Captain John J. Ide Peter Masefield Frank N. Piasecki 
Chief Engineer, Consolidated U.S.N.R., Aeronautical Consultant, Chief Executive, Chairman of the Board, 
Vultee Aircraft Corporation N.A.C.A, British European Airways, England Piasecki Helicopter Corporation 
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IAS. Awards and 


Lt. Col. John P. Stapp, U.S.A.F. (M.C.), Chief, Special 
Projects Unit, Biophysics Br., A.M.L., \W.A.D.C. 


The John Jeffries Award 


This award honors the memory of Dr. John Jeffries, an 
American physician who, with Blanchard, the French bal 
loonist, made the first aerial voyage across the English Chan 
nel in 1785 and on a previous voyage made the earliest re 
corded scientific observation from the air. This award, 
which has an honorarium of $200, was established by the 
Institute in 1940 to give recognition to the importance to 
aviation of scientific endeavor in the field of medicine. 

Presented to Lr. COL. JOHN P. Stapp, U.S.A.F. (M.C.) 


“For outstanding contributions to the advance- 
ment of aeronautics through medical research.” 


The contributions for which Colonel Stapp has been cited 
resulted from a research program on ‘Human Tolerance to 
Abrupt Decelerations’’ which he conducted for the Aero 
Medical Laboratory between March, 1947, and June, 1951, 
at Edwards A.F.B., Calif. This program was instrumental 
in giving the aeromedical and aeronautical sciences hitherto 
unobtainable data on the degree of crash deceleration that a 
human can survive and in forming a sound foundation on 
which future research in this field could be based 

While this program was in progress, Colonel Stapp used 
himself as an experimental subject a total of 26 times in a 
specially constructed linear accelerator-decelerator. He per 
sonally demonstrated that man could tolerate decelerations as 
high as 46g’s. 

Using the data obtained during the 52 months of experi- 
mentation, Colonel Stapp was able to work out the principles 
governing man’s protection against the forces of abrupt 
deceleration. He developed equipment and techniques that 
have increased the chances of human survival in aircraft 
crash landings. Since the conclusion of this program, the 
U.S.A.F. requirements for seat strength in fighter aircraft 
have been increased from 16 to 40g’s (based on a 200-lb. 
man), strength of safety belts has been increased, and his 
modification of the standard U.S.A.F. harness is being readied 
for installation in fighter aircraft. 


Vincent J. Schaefer, Scientist, Research Laboratory, 
General Electric Company, and Consultant. 


The Robert M. Losey Award 


Established in 1940, this award honors the memory of 
Capt. Robert Moffatt Losey, a member of the Institute and 

meteorologic officer of the Air Corps, who was killed at 
Dombas, Norway, April 21, 1940, while serving as an official 
observer for the U.S. Army. He was the first officer in the 
service of the United States to die in World War II. This 
award carries an honorarium of $200. 


Presented to VINCENT J. SCHAEFER 


“In recognition of outstanding contributions to 
the science of meteorology as applied to aeronautics.” 


Mr. Schaefer, who has contributed variously to our knowl 
edge of aircraft icing and precipitation static, made the sig- 
nificant discovery that particles of dry ice convert natural 
supercooled water clouds into ice nuclei, upon which water 
droplets in the clouds immediately crystallize to form snow 
crystals. This discovery, which has a direct bearing on the 
future of aviation, has led to important advances in our cog 
nition of the mechanism of rainfall. 

On November 13, 1946, Mr. Schaefer demonstrated his 
findings by transforming a cloud over Pittsfield, Mass., into 
snow streamers by seeding it from an airplane with dry-ice 
crystals. Subsequent experiments, conducted by Mr. Schae 
fer together with Irving Langmuir and Bernard Von 
negut, also G-E weather scientists, led to the conclusion 
that a dozen foreign materials, most notably silver iodide, are 
capable of acting as artificial nuclei for snow. Mr. Schaefer 
performed further experimentation along these lines in the 
initial stages of Project Cirrus. 


Studies of weather modification have showed that cloud 
seeding holds great promise for modifying certain clouds, 
thunderstorms, and hurricanes, preventing hail, and dissipat 
ing ground fogs. 

At this time, Mr. Schaefer is doing consultation work on an 
atmospheric project involving the jet stream. He is also 
continuing his study of cloud-physics and weather-modifica- 
tion techniques. 
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Honors for 1952 


John Stack, Assistant Director, Langley Aeronautical 
Laboratory, N.A.C.A. 


The Sylvanus Albert Reed Award 


For a notable contribution to the aeronautical 
sciences resulting from experimental or theoretical 
investigations which have had a beneficial influence 
on the development of practical aeronautics. 


The late Dr. S. A. Reed, designer of metal aircraft pro- 
pellers and a Founder Member of the Institute, made an en- 
dowment to the Institute in 1933 to provide an annual award 
with a certificate and honorarium of $250. The recipient of 
this award is chosen by the ballot of the American Honor- 
ary Fellows and Fellows of the Institute. 


Presented to JOHN STACK 


‘For his leadership in the design, development, 
and practical operation of transonic wind tunnels.” 


The subsonic and supersonic wind tunnels are of limited 
value in the transonic speed range because of ‘“‘choking.”’ 
Accordingly, these tunnels afford only restricted transonic 
data on interesting, and at times critical, aerodynamic phe- 
nomena. 


To overcome this situation, Mr. Stack instituted a series of 
intensive studies by teams of Langley investigators. A wind 
tunnel that could operate usefully at transonic speeds re- 
sulted. This vital research tool makes experimentation 
possible with standardized equipment, using nonexpendable 
models under conditions so closely controlled as to permit 
detailed measurements of local pressures, as well as applica- 
tion of optical means for visualization and measurements of 
flows. 


The first large transonic wind tunnel was placed in opera- 
tion at Langley; other N.A.C.A. transonic tunnels have 
since been completed. These tunnels, a reliable laboratory 
method for transonic experimentation, have served as proto- 
types and forerunners of other similar facilities now being 
installed elsewhere. 


Dean R. Chapman, Aeronautical Research Scientist 


Ames Aeronautical Laboratory, N.A.C.A. 


The Lawrence Sperry Award 


For a notable contribution made by a young 
man to the advancement of aeronautics. 


This award was endowed in 1936 by the sister and brothers 
of the late Lawrence Sperry, pioneer aviator and inventor, 
who died in 1923 at the age of 31. It provides an annual cer- 
tificate of citation and an honorarium of $250 to the recipient 
selected by the Board of Award. 


Presented to DEAN R. CHAPMAN 


‘For contributions to the basic knowledge of 
skin friction, base pressure, and heat transfer 
at supersonic speeds.” 


By taking the lead in establishing that the state of the 
boundary layer, and hence scale, is of real importance in 
determining pressure drag at supersonic speeds, Mr. Chapman 
added support to the cumulative evidence that supersonic 
wind tunnels—like subsonic wind tunnels—would need to 
simulate large-scale conditions. This conclusion has been 
far-reaching in the planning of supersonic wind-tunnel facil- 
ities and in the interpretation of supersonic wind-tunnel 
results. 


Mr. Chapman then applied his boundary-layer studies to 
to the practical problem of flow and drag at the base of super- 
sonic bodies. His results clarified and unified a body of 
experimental data and permitted the prediction of base 
drag. Applying these results to both supersonic bodies and 
wings, he ably defined the effects of trailing-edge bluntness. 
Finally, he made important contributions to the heat-transfer 
and skin characteristics of the supersonic boundary layer and 
has made experiments that provide high Mach Number 
skin-friction data greatly needed for the design of efficient 
missiles. 
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Neuly Elected Members 
of the Institute Council 


Eastern Area 


Harris S. Campbell, Vice- 
President, Research and De- 
elopment, Eastern Rotorcraft 
_Orporation 


Charles F. Savage, Assistant 
to Manager of Engineering 
Meter & Instrument Depart 
ment, Measurements Labora 
tory, General Electric Con 
pany 


Central Area 
Frank R. Cook, Director 


Aeronautical Engineering 

Minneapolis-Honeywell 

Regulator Company 
Charles J. Gallant, Vice- 
President and General Man- 
ager, Columbus Division 
North American Aviatior 


Inc. 


Western Area 
Frank A. Cleveland, Research 


Sroup Engineer, Preliminary 
Design Division, Lockheed 
Aircraft Corporation 
J. R. MacGregor, Associate 
Director, California Research 
Corporation 


Council Members 


William B. Bergen, Vice- 
President and Chief Engineer, 


Ihe Glenn L. Martin Com- 


Arthur E. Raymond, Vice- 
President, Engineering 
Douglas Ajircraft Company 
nc. 


Rear Admiral Lawrence §B. 
Richardson, U.S.N. (Ret.) 
Senior Vice-President, Gen 


eral Dynamics Corporation 


Philip B. Taylor, Partner 


Sanderson & Porter 


Theodore P. Wright, Vice 
President, Research, Cornell 
University 
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J. B. Rea Becomes Corporate 


Member 


The J. B. Rea Company, Inc., of 
West Los Angeles, Calif., has joined 
the Institute of the Aeronautical Sci- 
ences as a Corporate Member. The 
Rea Company is an engineering firm 
that conducts research, development, 
and manufacture in the field of auto 
matic control. During the relatively 
short period since its organization in 
March, 1951, a sizable number of re 
search and development projects have 
either been successfully completed or 
are now under way. 


Currently under development are a 
digital autopilot for airplanes and 
missiles, an automatic hovering con- 
trol system for helicopters, an auto 
matic cruise-control computer for 
long-range airplanes, and various sys- 
tems related to underwater torpedo 
control and guidance. Plans are un 
der way for the development of an 
automatic static strain-gage recording 
system (digital) and an automatic 
oscillograph record reader. Accord- 
ing to the company’s President, Dr. 
James B. Rea, many of these assign- 
ments have manufacturing potenti 
alities, for which the company antici- 
pates expanding its facilities. At 
present, the company has a_ well 
equipped  Electro-Mechanical De 
velopment Laboratory, including elec 
tronic laboratory equipment, and a 
Mechanical Model Shop. The com- 
pany also has an experienced electro- 
mechanical design group and a highly 
qualified systems engineering analysis 
group. 


Company personnel feel that this 
new organization has much to offer not 
only in its ability to assume direct 
responsibility for research and de 
velopment of automatic control sys 
tems but also in providing consulting 
services to other prime contractors on 
the subject of automatic control. 
Consulting work has recently been 
completed with North American Avia- 
tion, Inc., Gilfilland Brothers, Chance 
Vought Aircraft Division of United 
Aircraft Corporation, and Beckman 
Instruments, Inc. Additional con- 
sulting work is planned with The 
Glenn L. Martin Company in the near 
future. 


It should also be mentioned that 
the company does not expend all of its 
effort in Government work. In the 
commercial field, for example, re 
search and development engineering 
is being conducted on the automatic 
control and stabilization of an oil 
barge for off-shore (tideland) drilling; 
research is also being conducted on a 
directional drilling computer for use 
in the oil industry; the automatic 
control of cooking ovens in the fish- 
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canning industry is being studied; 
research is being conducted on the de- 
tection and control of the filtering 
efficiency in the processing of corn 
syrup; also, a study is being made on 
the application of automatic controls 
to aluminum production. 

New men with excellent academic 
and industrial backgrounds are con- 
stantly being added to the staff, 
which now includes aerodynamicists, 
servomechanism engineers, instru- 
mentation engineers, electronic engi- 
neers, mathematicians, structural 
engineers, chemists, and physicists. 


P.A.L. Holds Documentation 


Seminars 


Thirty-nine librarians, documental 
ists, and editors from business organ- 
izations and Government agencies in 
the Los Angeles area attended a series 
of seminars on the organization and 
utilization of specialized information. 
These seminars were given under the 
sponsorship of the Pacific Aeronauti- 
cal Library and were held in the Los 
Angeles I.A.S. building from January 
12—16. 

The seminars were presented by Dr. 
Mortimer Taube, library consultant in 
the field of documentation and Presi- 
dent of Documentation Incorporated, 
of Washington, D.C. Among the 
topics discussed in this series was Dr. 
Taube’s approach to subject catalog- 
ing, which he calls ‘‘coordinate index 
ing.’ This particular system utilizes 
a subject card as the approach for 
obtaining information instead of the 
standard document card used in 
present library practices. This sub- 
ject approach is said to eliminate the 
problem of direct or indirect headings, 
including ‘‘see also’’ headings. 

The other topics covered by these 
seminars were: theory and practice 
of documentation; logic of organizing 
information; theory of classification 
and indexing; application of classifi- 
cation and indexing: and evaluation 
of classification and indexing. 


|.A.S. Members Among 
M.A.A. Executive 


At the annual meeting of the Manu 
facturers Aircraft Association, Inc., 
William E. Valk was re-elected Presi 
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dent. Supporting him are six Vice- 
Presidents, three of whom are I.A.S. 
members. They are: Robert E. 
A.M.I.A.8., President and 
Chairman of the Board, Lockheed 
Aircraft Corporation; J. H. Kindel- 
berger, H.F.I.A.S., Chairman of the 
Board, North American Aviation, 
Inc.; and Charles H. Chatfield, 
F.I.A.S., Secretary, United Aircraft 
Corporation. 

The new Board of Directors for 1953 
is composed of 15 persons. Of these, 
three are I.A.S. members: R. R. 
F.I.A.S., Consulting Engi- 
neer, McDonnell Aircraft Corporation ; 
G. C. Sullivan, M.I.A.S., Patent 
Counsel, Lockheed Aircraft Corpora- 
tion; and Mr. Chatfield. 


Gross, 


Osborn, 


A.T.A. Forms Helicopter-Study 


Committee 


A committee to study the feasibility 
of air-line use of helicopters was re- 
cently established by the authoriza- 
tion of the Board of Directors of the 
Air Transport Association of America. 
The membership of the committee has 
been drawn from air-line engineering, 
maintenance, and operating personnel, 
inasmuch as it was felt that in the 
initial phases of the study program 
the committee’s work would be pri- 
marily concerned with the develop- 
ment of the design reliability and 
operating characteristics. At a later 
date, after an interim report and requi- 
site recommendations have been 
submitted, traffic, scheduling, and 
ground-handling representatives will 
be appointed to the committee. 

At the present time, the following 
persons compose the committee: J. 
J. Casey, of American Airlines, Inc.; 
Charles Froesch, F.I.A.S., Vice-Presi- 
dent—Engineering, Eastern Air Lines, 
Inc.; A. A. Lane, of Northeast Air- 
lines, Inc.; David E. Postle, of 
Mohawk Airlines, Inc.; H. J. Reid, of 
Capital Airlines, Inc.; and Robert W. 
Rummel, M.I.A.S., Chief Engineer, 
Trans World Airlines, Inc. 

Mr. Froesch is acting as Temporary 
Chairman. Grahame Aldrich, of 
A.T.A., is the Consultant for the com- 
mittee, and Donald B. Talmage, 
M.I.A.S., of the A.T.A. Engineering 
Division, is Secretary. 


News of Members 


> Malcolm J. Abzug (M.), Design 
Specialist, El Segundo Plant, Douglas 
Aircraft Company, Inc., has been 
appointed to the N.A.C.A. Subcom- 
mittee on Stability and Control. 


» The Right Honourable Lord Bra- 
bazon of Tara (M.), Chairman, Air 
Registration Board, Great Britain, 
received the Knight Grand Cross of 
(Continued on page 87) 
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Dr. Ross A. McFarland, Associate Professor of Indus- 
trial Hygiene of the Harvard School of Public Health, has 
been one of the principal exponents of the study of the 
physical and psychological environment of airplane pilots. 
He is working toward flight safety in a field that is of major 
importance to airplane designers and airplane oper- 
ators. His recently published book Human Factors in 
Air Transportation—Occupational Health and Safety 
(McGraw-Hill Book Company, January, 1953) is an im- 
portant contribution to the literature in this area. It will 
be reviewed in a later issue. 
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Editorial 


Deus ex Machina 


In retrospect, one of the most striking aspects of the 
Institute's Twenty-First Annual Meeting was the 
higher-than-average attention given to that least pre- 
the 
Not only in many of the Technical 
Sessions (some of which are referred to in detail on the 
following pages) but in many of the discussions that 
were offered up with the several luncheons, dinner, etc., 
the focus of attention was on Man more than on Ma- 
chinery. 


dictable element in all engineering calculations 
Human Animal. 


General Vandenberg mentioned the continuing and 
intensive research to reduce the load on the human 
pilot but conceded that he was here to stay 
long time. 


for a 
Dr. Furnas in his forecast for the next 50 
years made the point that guided missiles (and all other 
They lack the 
element of judgment that man with his complex nerv- 
ous systems of billions of memory-storing cells comes by 
naturally. 
(devices to react in response to a set of complicated 
and rapidly changing stimuli) P. R. Bassett could see 
nothing in being, or in prospect, to replace the human 
body. 


such devices) are essentially stupid. 


And when it comes to servomechanisms 


Dr. Stovall, speaking from the standpoint of 
the medical profession, said that “human error is the 
principal cause of deviations from operational efficiency” 
and deduced the need for an extensive program to study 
all phases of human participation in aviation activities. 

So, from the point of view of the I.A.S., it is increas- 
ingly evident that we are fully justified in spending 
more time studying the human factors in engineering 
The day when the pilot goes 
along just for the ride to keep a watchful eye on the 
health and well-being of the Genii (or perhaps Grem- 


than we have in the past. 
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lins!) which live in the Little Black Boxes is not yet at 
hand. This is the reason why General Benson was 
asked to pull together the symposium that is reported 
in this issue. This is the reason why the I.A.S. has a 
more than casual interest in the activities of the Flight 
Safety Foundation and The Daniel and Florence Gug- 
genheim Aviation Safety Center at Cornell University. 
This is the reason why an increasing percentage of our 
technical sessions must be devoted to problems of 
human behavior. 

No matter how well we do our work as engineers, no 
matter how ingenious the devices may be which come 
out of our research and development programs, in the 
end it is always a human being who is responsible for 
their operation and on whom the lives of many other 
human beings ultimately depend. There is no question 
but that scientific studies of why humans who fly air- 
craft behave as they do fall within the proper purview 
of the I.A.S. 

But abstract discussion of pilot behavior is only the 
first step. We, as designers, cannot make our aircraft 
absolutely foolproof. (That could be done only by 
anchoring them firmly to the ground and surrounding 
them with high fences!) We must, however, design 
them so that it is easy for the human pilot to do the 
right thing at the right time without undue strain. 
We must design them so that the people who maintain 
them can never do the wrong thing at any time without 
being aware of it. We must design them so that our 
customers, the traveling public, will prefer the airplane 
over any other mode of transportation. The only 
way that can be done is to keep safety always in mind 
from the first design concept to the day when any par- 
ticular airplane is finally ‘turned out to pasture.” 


S. P. J. 


|L.A.S. 21st Annual Meeting 


Summary of Technical Sessions 


MM" THAN 1,200 MEMBERS of the Institute and co 
operating societies registered for the Technical 
Sessions of the Annual Meeting at the Hotel Astor in 
New York, January 26-29. In addition to the 55 
papers presented, three splendid luncheon talks and two 
symposiums added much to the wealth of aeronautical 
information disseminated at the meeting. 

Most of the papers presented will be published in the 
REVIEW or JOURNAL at the earliest possible dates. 
Preprints of some of the papers are immediately avail 
able. Information about these may be found on the 
Preprint Page (page 83). 

All eight of the papers presented during the Aviation 
Medicine Session have been published in this issue. 
The special Electronics Issue for May will contain a 
complete round-up of the discussions presented during 
the symposium sessions, plus the four papers given on 
the ‘Impact of Electronic Trends on Aircraft Design.” 

The editors are indebted to most of the chairmen of 
the individual sessions for the following reports. 


Structures 


By 
Walter Ramberg 


Chief, Mechanics Division, National Bureau of Standards 


The Structures Session was held in the East Ballroom 
of the Hotel Astor this time, perhaps to get away from 
the distracting influence of the shapely and by now 
familiar caryatids adorning the North Ballroom. 
Whatever the reason, the audience gave its constant 
and serious attention to every one of the four speakers, 
and the chairman had no difficulty in reassembling the 


Structures 


Session after the usual intermission following the 
second paper. 

The Session was opened with the presentation by 
Prof. S. V. Nardo, Polytechnic Institute of Brooklyn, of 
his paper on “An Exact Solution for the Buckling Load 
of Flat Sandwich Panels with Loaded Edges Clamped.”’ 
In this paper Professor Nardo solves the differential 
equations derived by N. J. Hoff (N.A.C.A. T.N. No. 
2225, November, 1950) for a sandwich panel having a 
core of finite shear rigidity when this panel is loaded in 
end compression and the two edges under load are 
clamped while the other two edges are simply supported. 
Numerical solutions for the buckling stress are plotted 
for panels with aspect ratios b/a (2a = length of loaded 
edge, 2b = length of unloaded edge) ranging from 0.8 
to 3.8 and ratios R = 12(1 — v')Ga?/E?? of rigidity in 
shear to rigidity in bending (G = shear modulus of core 
material, H = Young’s modulus of facing material, ¢ = 
thickness of each facing sheet) ranging from 1,000 to 
50,000. It is shown that the buckling load is equal 
within 20 per cent to that for a panel with simply sup- 
ported edges all around, provided that b/a is greater 
than 2. The shear deformation of the core lowers the 
buckling stress approximately 50 per cent as R is 
decreased from 10,000 to 1,000. The computed buckling 
loads were found to agree within 20 per cent with experi- 
mental values obtained at the Forest Products Labora- 
tory. The discussion of the paper concerned itself with 
ways of expediting the solution of the buckling determi- 
nant for the problem. 

The second paper was ‘‘Deflections of Beams and 
Columns” by Y. Pao and J. Marin, both of The 
Pennsylvania State College. It was presented by the 
first author. In the paper equations are derived to take 
account of recovery, as well as creep, in the stress analy 
sis of beams and columns. The strain ¢ is assumed to 
be related to the stress o and permanent strain ¢,’ by 
the expression 


t t 
«= 9(Ko" — dt + f Bo" dt 
4 0 0 


where /: is Young’s modulus, ¢ is time, and g, K, 1 are 
empirical constants. The first term on the right of this 
expression is the elastic strain, the second is the tran 
sient creep strain, and the third is the linear creep strain. 
From this expression a general solution was obtained 
for the stress distribution in a pin-ended column with 
initial eccentricity, on the assumption that plane sec- 
tions remain plane and that the extreme fiber stress in 
the column could be expressed as the product of two 
functions, a function of time and a function of distance 
along the column. It was also applied to the case of a 
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cantilever beam deflected by a transverse load at the 
free end. The stress distribution across a given sec- 
ai(y/h) 
Since the theory makes allowance for recovery, it can 


1/n 


tion is represented in both cases by o = 


be used to estimate creep in the presence of decreasing, 
as well as increasing or constant, loads or bending mo- 
ments. In the discussion some question was raised re- 
garding the assumption that the shape of the deflection 
remains fixed with time during creep in a column. 

The third paper was entitled ‘‘Stress Analysis of 
Sheet Stringer Panels with Cutouts’ and was presented 
by Harvey G. McComb, Jr., of the N.A.C.A. Mr. 
McComb described a novel perturbation method for 
computing the change in stress in a stiffened sheet due 
to the introduction of a rectangular cutout. The sheet 
is assumed to be stiffened by stringers of zero bending 
stiffness and of finite axial stiffness and by ribs that pre- 
vent transverse displacement but offer no restraint to 
longitudinal displacement of the stringer. The sheet is 
assumed to carry only shear stresses, while the stringers 
carry only direct stresses. The effect of the cutout is 
replaced by that of local forces of three different types. 
Extensive tables are given in the paper to show the 
stress distribution throughout the structure due to a 
unit force of each type and for various values of a rein- 
forcement parameter 


B = (E/G)A /bt)(6?/L?) 


(E = Young’s modulus, G = shear modulus, A = 
area of stringers, 6 = sheet 
thickness, and L = distance between ribs.) It is 
shown how solutions for the stress distribution around a 
given cutout in a given structure can be obtained 
quickly from these tables and how one can account for 
reinforcement around cutouts in which the thickness of 
the sheet or the area of the stringers is increased around 
the cutout. 

Professor P. P. Bijlaard, of Cornell University, pre- 
sented the last paper entitled ‘Compressive Buckling of 
Plates Due to Forced Crippling of Stiffeners’’ prepared 
by him and G. S. Johnston, of Bell Aircraft Corporation. 
The analytical part of this paper concerns itself with 
the difficult problem of computing the buckling stress 
for sheet riveted to stringers in a sheet stringer panel or 
to beam flanges in a multiweb beam in which the 
buckles in the sheet continue across the stiffener and 
force the stiffener flange to distort locally. Tests had 
shown that the buckling load under these conditions 
was sometimes as much as 70 per cent below that com- 


stringer spacing, ¢ = 


puted from the conventional analysis, which neglects 
the flexibility of the stiffener. In the analysis the sheet 
riveted to the stiffener is treated as a plate supported 
by an elastic medium with different spring constants in 
the upward and downward directions. The spring con- 
stants themselves are determined by considering the 
deflection of the stiffener under the action of a sinusoi- 
The results of the analy- 
sis are presented in the form of design charts for the 


dal load applied by the sheet. 


allowable stress for the ‘‘forced crippling mode.” A 
simple procedure is outlined for estimating the buckling 
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stresses beyond the elastic range. Inside the elastic 
range the theoretical buckling stresses for forced 
crippling can be approximated roughly by 


Co = 0.6 E(t,/b,)/(t/b) 


where = Young’s modulus, t, = thickness of stiffener 
flange, b, = distance from rivet line to middle plane of 
stiffener web, ¢ = sheet thickness, and b = stiffener 
spacing. Comparison with test results for nine speci- 
mens showed that the computed buckling stress dif- 
fered less than 10 per cent from that measured in all 
except one case. 

The Session closed with a general feeling that, brief 
as it was, it had touched on, either in the papers or in 
the discussion, most of the interests of structures men 
whether these lay in the field of design, numerical com- 
putation, elasticity, plasticity, stability, or properties of 
materials. 


Flight Propulsion 
Internal Aerodynamics of Gas Turbines 


Abe Silverstein, Chairman 
Associate Director, Lewis Flight Propulsion Laboratory, N.A.C.A. 


Stall-Flutter in Cascades, by Fernando Sisto, Wright 
Aeronautical Division, Curtiss-Wright Corporation. 
Assuming the complex of aerodynamic reactions to be 
small compared with blade inertia and elastic forces, 
some results from nonlinear mechanics are utilized to 
develop a convenient method of studying stall-flutter 
oscillations. This represents a new method of attack- 
ing the problem. 

Data are presented from an exploratory experimental 
investigation in a ‘“‘two-dimensional’’ cascade in which 
one blade and later three blades are flexibly mounted. 
The variation of flutter amplitude with stream velocity 
and mean incidence is obtained for angles of attack 
near the static stall. Experimental determinations are 
given for three different gap/chord ratios. The mo- 
tion is predominantly torsional. 


Flight Propulsion 
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The results confirm certain deductions from the non- 
linear theory concerning transient behavior and equilib- 
rium flutter amplitudes, or “‘limit-cycles.”’ The effect 
of cascading is consistent with the assumed stall-flutter 
mechanism. Other qualitative results are reported 
which confirm the essentiality of adopting this general 
approach in order to explain the gross features of stall- 
flutter phenomena. 


Propagation of Stall in Compressor Blade Rows, by 
Frank E. Marble, Assistant Professor, Guggenheim Jet 
Propulsion Center, California Institute of Technology. 
It has been observed that the transition from normal 
compressor operation to stalled operation is not a simple 
process of flow breakdown on each of the blades of a 
given blade row but is rather more complicated in that 
stall initially takes place over only a small group of 
blades in any blade row. The flow is therefore no 
longer axially symmetric. It is observed further that 
not always the same group of blades is involved but 
that the stalled region moves from one group of blades 
to another with a certain characteristic velocity, giving 
rise to the term stall propagation or, more graphically, 
the rotating stall. The present paper considers a model 
of the phenomenon based, as is the recent work of W. R. 
Sears, upon nonstationary airfoil theory, employing an 
assumed dynamic stalling performance of the airfoil 
cascade. 

The stall propagation speed, steady and oscillating 
blade forces are calculated for a single blade row. The 
results exhibit the character generally observed in ex- 
periment. The analysis is then extended to two ad- 
jacent blade rows in relative motion, such as a stator 
and rotor combination. The influence of mutual in- 
terference upon the speed of stall propagation, steady 
and fluctuating blade loads may be strong depending 
upon the geometry and velocity diagrams for the two 
rows. Using these results, the process of approaching 
and entering the state of rotating stall is discussed for a 
compressor utilizing an external throttling mecha- 
nism. 

Finally, the three-dimensional effects are discussed. 
The observations that a propagating stall may occur 
which involves only a portion of the blade height are 
examined on the basis of a three-dimensional cascade 
theory. 


Aerodynamic Interference Between Moving Blade 
Rows, by Nelson H. Kemp, Graduate Student and Re- 
search Assistant, and W. R. Sears, Director, Graduate 
School of Aeronautical Engineering, Cornell University. 
This is a brief report on an investigation of the unsteady 
aerodynamic effects in a typical stage of an axial turbo- 
machine, caused by the relative motion of the stator- 
and rotor-blade rows. The problem is attacked from 
the standpoint of the theory of thin airfoils in non- 
steady, incompressible, inviscid flow. 

Here the stage consists of an infinite row of two-di- 
mensional stator blades followed by an infinite row of 
moving rotor blades. The method of analysis is an 
approximate one, based on the assumption that the 
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nonsteady part of the circulation about any blade is 
small compared to the steady part, the latter being the 
only part ordinarily considered by the designer. The 
results include expressions for the nonsteady compo- 
nents of lift and moment on stator and rotor blades, 
expressed as ratios to the steady values. The rate of 
transfer of energy to the downstream wake pattern, 
which is caused by the fluctuations of the blade circula- 
tions, is also obtained. 

Numerical results are presented for some typical con 
figurations representing compressor stages. From these 
examples it appears that the nonsteady forces may be of 
appreciable magnitude (e.g., 18 per cent of the steady 
values), especially when the entry of the rotor blades is 
not “‘shock-free.’”’ The magnitudes of unsteady effects 
depend strongly on the distance between the blade 
rows. 

Stall and Surge in Axial-Flow Compressors for Jet 
Engines, by M. C. Huppert and W. A. Benser, Lewis 
Flight Propulsion Laboratory, N.A.C.A. Observa- 
tions of rotating stall have shown that a wide variety of 
stall patterns is possible. Hot-wire anemometer data 
on a multistage compressor have shown a progressive- 
type stall at low speeds. The amplitude of the flow 
fluctuations increases in magnitude through the first 
few stages and then diminishes rapidly to a small value 
in the latter stages. A stage stacking analysis has 
shown that rotating stall will exist over a large portion 
of the compressor map at low speeds but will be insti- 
gated almost simultaneously with compressor surge at 
high speeds. 

Blade failures attributable to resonant vibrations 
excited by rotating stall have been experienced in single- 
and multistage compressors. 

In the stage stacking analysis no deterioration of 
stage performance due to unsteady flow resulting from 
stall of adjacent stages was considered. In general, 
the pressure drop at the stall point is believed to be 
much larger than indicated by an analytical formulation 
of compressor performance. Compressor surge is at- 
tributed to a limit cycle operation about the compressor 
stall point, and, as indicated in a few compressor tests 
and in jet-engine tests, a small compressor discharge 
receiver volume may result simply in stall of the com- 
pressor without the cyclic characteristics of compressor 
surge. In this event, engine operation will be limited 
because of the large drop in performance which ac- 
companies compressor stall. 


Aircraft Design 
F. K. Teichmann, Chairman 


Professor and Chairman, Department of Aeronautical Engineering, 
Guggenheim School of Aeronautics, New York University 


Some Basic Concepts for Analyzing Dynamic Flight- 
Test Data, by Harold Klein, Aerodynamics Engineer, 
and Raymond Sedney, Aerodynamicist, Douglas Air- 
craft Company, Inc. The problem considered here is 
that of finding through the use of observed data the 
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coefficients of the differential equations that describe a 
dynamic system. This problem occurs in the deter- 
mination of the aerodynamic stability derivatives of an 
airplane or missile from flight-test data. There is a 
maximum number of coefficients which may be deter- 
mined. A method is given for finding this number, 
and conditions are given under which the maximum 
number is obtained. These results are summarized in a 
working rule and applied to two examples. It is shown 
that the free-oscillation type of flight testing can never 
yield all the coefficients. Suitable forcing functions are 
described which do permit all coefficients to be eval- 
uated. 


The Structural Tail-Load Problem—tTheory, Tests, 
and Criteria, by Richard K. Koegler, Head, Engineering 
Branch, Flight Research Department, Cornell Aeronau- 
tical Laboratory, Inc. Unclassified literature on this 
problem relative to conventional subsonic aircraft is re- 
viewed. However, the conclusions reached have 
general applicability. 

Tail loads can be satisfactorily determined for struc- 
tural design purposes from present linear stability and 
control equations and calculation methods for all cases 
except those involving extreme angular excursions. 
Accuracy is dependent largely on accuracy of stability 
derivative determination. 

Currently existing and proposed horizontal tail-load 
criteria fall into three general categories, each of which 
has certain advantages. Statistical data on time his- 
tories of load factors or motions are needed in all three 
cases. Such data, if correlated with stability char- 
acteristics, could lead to simple rational criteria. 

Vertical tail-load criteria require statistical data on 
loads and maneuvers for further improvement, and a 
possible simple recorder for this purpose is discussed. 
A study of complete equations of motions for rolling 
pull-out calculations is discussed. 

Literature on spanwise distributions of horizontal tail 
loads shows that a reduction in loading near the fuselage 
should be assumed. Asymmetrical loadings are briefly 
mentioned. 

Literature on buffeting shows its prevalence and sig- 
nificance. Recent studies of rational methods of treat- 
ing this problem are discussed briefly relative to needed 
data and possible applications. 

Aeroelasticity and nonstationary aerodynamic ef- 
fects are briefly discussed. 


Notes on the Analysis and Design of Multipost Stif- 
fened Wings, by D. M. Badger, Group Leader, Struc- 
tures Research and Development Group, Northrop 
Aircraft, Inc. This paper discusses an unconventional 
type of wing construction which utilizes spanwise rows 
of vertical posts to stabilize the compression skin against 
buckling by tying it to the inherently stable tension 
skin. This construction offers two manufacturing ad- 
vantages: (1) additional working space gained through 
the openings between the posts and (2) fewer internal 
fasteners necessary to attach posts as compared to 
shear webs. 
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Stringers installed along the lines of posts are needed 
to achieve high buckling strengths and to prevent an 
undesirable type of buckling involving both tension and 
compression skins. However, these stringers need be 
only one-tenth as stiff as stringers acting alone. 

The basic concepts that should be understood before 
design optimization is attempted are covered in this 
paper. Theory recently developed by the N.A.C.A. is 
interpreted, and the results of large-scale static tests 
conducted at Northrop Aircraft, Inc., to substantiate 
the design of a complete poststiffened wing are dis- 
cussed. 


Military Air Cargo Carrier Trends, by Walter Tydon, 
Chief Engineer, Aircraft Division, Fairchild Engine 
and Airplane Corporation. This paper deals basically 
with the operational trends as they affect component 
and system designs, where speed becomes only one 
factor, with other more important factors being turn- 
around-time and ability to deliver to final destination. 
The fuselage design, with its trend toward high wing, 
is being more and more influenced by larger units of 
cargo, not only from the standpoint of ground handling 
but from aerial delivery, which has been successfully 
operated up to 21,000 Ibs. 

Advance base operation has also had a marked in- 
fluence on cargo types with its requirements for low 
take-off and landing distances, low-speed stability and 
control, rough field gear, simplified loading, and need 
for lower turn-around-time. With these have come 
such accepted features as cockpit emergency egress 
hatches; external fuel with its advantages of safety, 
wider c.g. cargo range, and ease of refueling, service, and 
repair; and structural requirements for crash land- 
ings. 

The detachable pack is an inevitable part of the 
trends, with its advantages of reduction in terminal 
facilities and handling methods and equipment leading 
to substantial reduction in turn-around-time. Cur- 
rent aerial delivery problems are lessened with increased 
efficiency and accuracy. Safety by jettisoning the en- 
tire pack is an important military advantage. 
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Rocket Propulsion 


By 
F. C. Durant, Ill 


Arthur D. Little, Inc., and President, American Rocket Society 

The American Rocket Society cooperated with 
the I.A.S. in presenting a technical session on rocket 
propulsion on January 26, 1953. The occasion was the 
opening day of the four-day I.A.S. Annual Meeting 
held at the Hotel Astor, New York. Three papers were 
presented covering widely separated fields of investiga 
tion related to rocket propulsion, with 130 persons in at 
tendance. 

The first paper, entitled ‘““The Effect of Fluid Prop- 
erties on the Spray Formed by Two Impinging Jets,’ 
was presented by R. J. Priem. The paper described a 
program of basic research in which the fluid properties 
of a spray formed by two impinging jets were studied. 
Four different spray shapes were obtained using gly 
cerol-water mixtures and hydrocarbon oils. Photo 
graphs of these four shapes are shown in Figs. 5-S. 
The conditions under which these different sprays were 
formed, together with their apparent properties, were 
presented. It was found that the length of the spray 
before breakup into droplets was dependent upon fluid 
properties but that the maximum width of the spray 
was unaffected by fluid properties. Excellent high- 
speed photographs of the spray patterns, together with 
curves of results and diagrams of apparatus layout, 
were included. Mr. Priem, together with the paper's 
coauthor M. F. Heidmann, are research engineers at 
the Lewis Flight Propulsion Laboratory, N.A.C.A., 
Cleveland. 

The second paper, entitled ‘‘Earth-Scanning Tech- 
niques for Orbital Rocket Vehicles,”’ 
its author, Kurt R. Stehling. Two possible methods of 
utilizing an earth satellite vehicle to gather and trans- 
mit information about the earth’s surface were ex- 
amined. One of these methods utilized an optical objec- 
tive lens image-converter system; the other, a micro- 
wave scanner. Assumed were a vehicle flight altitude 
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Figure 5. Figure 6. 
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Figure 7. Figure 8. 


of 500 miles, orbital velocity of 5 miles per sec., a 
hypothetical target of 600 yards diameter, and re 
stricted design requirements of a minimum weight 
satellite vehicle pay load. 

It was shown that the net resolving power of the opti 
cal-video system is limited not by the optical train but 
by the image converter and available transmission 
bandwidth; the effects of the atmosphere, meteorologi 
cal conditions, and albedo were also discussed. The 
approximate resolving power, weight, and power and 
space requirements of a microwave radar scanning unit 
were outlined, and the advantages and disadvantages 
of this system were weighed. 

Mr. Stehling believes that, with the present state of 
radar scanning (which can be discussed on an un- 
classified status), the optical system has the weight 
and resolving power advantage, but its daylight de- 
pendence and atmospheric and cloud attenuation limi 
tations are severe enough to indicate questionable 
feasibility. Furthermore, the low resolving power of a 
radar unit, from the 500-mile altitude, and the attenua 
tion losses tend to limit the usefulness of this system. 

It was generally concluded that the discussed earth- 
scanning techniques for the location of the indicated 
target size may not be practical for a small instrumented 
orbital vehicle. The substitution of a human observer 
for some of the instrumentation might result in a weight- 
saving despite the requirements of food and air. 

rhe presentation was enlivened by a number of ex- 
cellent slides graphically portraying different scanning 
systems and their operation. Mr. Stehling is Rocket 
Research Engineer at Bell Aircraft Corporation, Buf- 
falo, and a member of A.R.S. Space-Flight Committee. 
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The final paper, entitled ‘‘Measurements in Rocket- 
Engine Testing,’’ was presented by Howland B. Jones, 
formerly with Reaction Motors, Inc. This_pres- 
entation covered the* application of conventional and 
special instrumentation equipment to the static testing 
of (liquid-propellant) rocket engines. In his introduc- 
tion, Mr. Jones discussed peculiarities of this testing 
field, including accuracy limits and need for transient, 
The conventional 
quantities of pressure, flow, force, temperature, linear 
and angular displacement, and vibrational acceleration 
were then treated, as well as modifications to conven- 
tional measuring equipment and specially designed in- 
struments. Of particular interest were Mr. Jones's 
descriptions of: a multichannel pressure recording unit 
operating into a single cathode-ray tube, a combination 
of a four-gun cathode-ray oscillograph and tape re- 


as well as static, measurements. 


corder, and use of a conventional sonic analyzer with 
associated equipment. 


Aerodynamics—| 


By 
Charles E. Mack, Jr. 


Chief of Research, Grumman Aircraft Engineering Corporation 


The opening Aerodynamics Session was concerned 
with flow phenomena in a viscid fluid and was one of 
the best attended sessions of the entire meeting. This is 
evidence of the ever increasing importance that this 
field of aerodynamics is assuming in connection with 
the design of modern aircraft. As higher and higher 
supersonic speeds are sought after, the question of 
aerodynamic heating (to name just one of many serious 
The 
where the temperature may 
be of the order of 1,000°F. or more 


problems) becomes of paramount importance. 
so-called thermal barrier 
appears as a 
formidable obstacle to safe flight in the extremely high 
speed range. The need for basic understanding of the 
physical processes involved and accurate experimental 
data for the use of designers in this region is appar- 
ent. 

Of the four papers presented in this session, two were 
in the nature of reviews of the literature and the other 
two were essentially concerned with experimental 
The titles and the papers are 
listed below in the order in which they were presented, 


matters. authors of 
together with a few remarks concerning some of their 
salient features. 


(1) Survey of Friction Coefficients, Recovery Fac- 
tors and Heat-Transfer Coefficients for Supersonic 
Flows, by Joseph Kaye, Massachusetts Institute of 
Technology. In this paper the recent literature con- 
cerning the three coefficients mentioned in the title is 
reviewed and compared in detail with the corresponding 
theoretical work for both laminar and turbulent bound- 
ary layers. Unfortunately, wide gaps still exist in the 
available experimental data for some of these co- 
efficients for various combinations of Mach and Rey- 
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nolds Numbers. Nevertheless, the overall conclusion 
is that the agreement between theory and experiment is 
fairly good for both laminar and turbulent boundary 
layers as far as skin-friction coefficient and recovery 
factors are concerned for moderate Mach Numbers. 
There is still much work to be done on heat-transfer co- 
efficients. 

As a partial answer to this lack of heat-transfer meas- 
urements, Professor Kaye gave an interesting de- 
scription of two research projects in this field currently 
being carried out at M.I.T., one under the sponsorship 
of the Office of Naval Research and the other sponsored 
by the Office of Air Research. The primary purpose of 
the O.N.R. project is to obtain reliable data on the 
rate of heat transfer to air moving at supersonic speeds 
in a round tube. The objective of the O.A.R. project 
is similar except that the air moves over a flat plate. 
Both of these investigations are for Mach Numbers up 
to about 3. 


(2) Direct Force Measurements of Turbulent Skin 
Friction on Cylinders in Axial Flow at Subsonic and 
Supersonic Velocities, by Dean R. Chapman and 
Robert H. Kessler, Ames Aeronautical Laboratory, 
N.A.C.A. The paper was presented by Dr. Chapman. 
Aside from the utilitarian value of data of this kind, one 
of the reasons that the research reported on in this 
paper was initiated is that the numerous theories for 
calculating turbulent skin friction give widely different 
results, and it was desired to find out which of them (if 
any) could be verified experimentally. The measure- 
ments were made on several cone cylinders with fineness 
ratios of 10, 15, and 25 and for Mach Numbers between 
0.5 and 3.6 (Reynolds Numbers from 4 X 10® to 36 X 
10°). It was found that four of the 15 available theories 
agreed with the measurements within 5 per cent both 
subsonically and supersonically. Dr. Chapman pointed 
out, however, that for hypersonic Mach Numbers these 
same theories give widely scattered results so that ex- 
tensive additional measurements at these high Mach 
Numbers are clearly necessary. 


Aerodynamics—I 


. 
| 
| 
am 
itt 


34 AERONAUTICAL ENGINEERING REVIEW—APRIL, 19538 


(3) Turbulence in Supersonic Flow, by Leslie S. G. 
Kovasznay, The Johns Hopkins University. The sub- 
ject matter of this paper was not quite so broad as its 
title might indicate—it was fundamentally a discussion 
of the principal instrument used for measuring turbu- 
lence in compressible flows, the hot-wire anemometer. 
Professor Kovasznay defined what he termed ‘‘modes’’ 
of fluctuation, three in number: temperature spotti- 
ness, turbulent velocity fluctuations, and ordinary 
sound waves. There is interaction among all of these 
“modes,”’ but fortunately the hot-wire anemometer re- 
sponds in a different manner to each of them. Various 
fluctuation diagrams—which to the inexperienced 
might appear to resemble ‘‘hash”’ on an ordinary oscillo- 
graph record obtained in flight tests, for example—can 
be obtained by operating the instrument at different 
temperatures and in this way the individual ‘‘modes’’ 
identified. Professor Kovasznay pointed out that, in 
the usual case, all three “‘modes’’ are likely to be im- 
portant. 


(4) Review of Published Data on the Effect of 
Roughness on Transition from Laminar to Turbulent 
Flow, by Hugh L. Dryden, Director, N.A.C.A. In 
this paper, which concerns itself with a fundamental 
question in aerodynamics, nine references are quoted 
including one recent Japanese investigation not yet 
published. One of the important conclusions that Dr. 
Dryden draws from his reanalysis of the data is that the 
transition Reynolds Number of a flat plate with a single 
roughness element is chiefly a function of the ratio of 
the height of the element to the boundary-layer dis- 
placement thickness at the element. It was also con- 
cluded that the effects of roughness are approximately 
the same in flows containing different amounts of ini- 
tial turbulence. In addition to considerations of a 
single roughness element, Dr. Dryden discussed avail- 
able data on distributed roughness both for a flat plate 
and for airfoils. 

One noteworthy feature of the session, in the Chair- 
man’s opinion, was the use made by all the speakers of 
numerous slides. These slides were, in almost every 
instance, of adequate size and clarity. Many of them 
were photographs of equipment, and as such they were 
much more satisfactory than purely verbal descriptions 
or schematic diagrams on the blackboard. 


Aerodynamics—Il 


By 
Courtland D. Perkins 


Department of Aeronautical Engineering, Princeton University 


In the Second Session on Aerodynamics, four papers 
were presented covering a rather wide field of interest. 
These papers included the results of research on air- 
plane response characteristics in low-speed landing ap- 
proaches, some problems of missile dynamics, and two 
papers involving problems of supersonic flows—the first 
dealing with the effect of streamwise gaps on lift and 
pitching moments of supersonic aircraft and the second 


x 
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on the problem of supersonic flows past slender bodies 
of elliptical cross section. 


The first paper was written by two members of the 
Stability Research Division of the National Advisory 
Committee for Aeronautics, Langley Aeronautical 
Laboratory Staff. The paper was entitled “Study oi 
Some Effects of Airplane Configuration on the Response 
to Longitudinal Control in Landing Approaches,”’ and 
the authors were Ralph W. Stone, Jr., and William 
Birhle, Jr. Mr. Stone read the paper. In this paper 
the authors point out that the present trend toward 
heavily sweptback-wing aircraft of low aspect ratio and, 
in many cases, with no horizontal tail has lead to han 
dling characteristics that seem considerably different to 
pilots undergoing the experience of flying them for the 
first time. 


The authors correctly point out that the re 
sponse characteristics of new configurations in terms of 
pilot reactions to flying them is somewhat clouded 
through such factors as range of vision, control feel, 
time lags, and actual psychological aspects. This, of 
course, has always been the case when any new develop 
ments in aircraft configuration came along. The pilots 
first undergoing the experience of flying airplanes of 
abnormally high wing loading or with high lift flaps in 
volving large attitude changes have always felt that the 
handling qualities were adversely affected at the start 
However, they soon became used to these conditions 
and considered the less good handling qualities as some 
thing to be expected and actually what might be con 
sidered normal. This same uncertainty will exist when 
the deltas and other strange configurations, especially 
those with no horizontal tails, first get into the service 
in any quantities. The authors of this particular paper 
have dealt with one aspect of this problem—that is, the 
time lag involved in pitching the airplane in response to 
its elevator control and the subsequent control of the 
vertical position of the airplane during low-speed ap- 
proaches. 


The study was made on the analog computer 
and involved solutions to the normal longitudinal 
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equations of motion following a prescribed pattern of 
control disturbance felt to be somewhat typical of what 
a pilot might experience during a landing approach. 
The solutions obtained were rather clear on the point 
that the newer configurations will have less control 
of height and the time lags will be larger. This is in 
large measure due to the lower control power of the 
trailing-edge flap elevator on tailless deltas, combined 
with the adverse effect on the lift of control surface de- 
flection. The variation of the effectiveness of the dif- 
ferent airplane configurations to control their height 
and the effect of these parameters on the airplane’s time 
lag are rather neatly presented and give a clear insight 
into the problem. Discussion after the paper pointed 
out the fact that other parameters must be investigated 
to find out what the overall picture or overall problem 
is, and only time will tell if the pilots of what we con- 
sider today as a rather strange aircraft will at some later 
date consider their characteristics to be expected and 
normal. 


The second paper, presented by John A. Nicolaides, 
Aerodynamicist, Ballistic Research Laboratories, Aber- 
deen Proving Ground, was ‘On the Free Flight 
Motion of Missiles Having Slight Configurational 
Asymmetries.”’ Mr. Nicolaides pointed out at the outset 
that a better theory was required to account for the 
motions of missiles in order to predict the rather 
strange characteristics of these missiles with regard to 
dispersion, tumbling, and other strange flight motions 
that have been observed on statically stable and other- 
wise generally well-behaving missiles. He pointed out 
that the normal equations of motion used by the aero- 
dynamicists involving separate problems of longitudinal 
and lateral motions could not be used on missiles, es- 
pecially those that are rolling or have a built-in asym- 
metry. Also, the ballistic expert is normally concerned 
only with rapidly rolling symmetrical missiles. Mr. 
Nicolaides felt that it was time someone took in hand 
the problem of writing down the complete equations 
of motion to cover this whole problem and put it in 
terms of aerodynamics nomenclature. He presented 
such equations that account not only for the symmetri- 
cally statically stable missiles but also one that could 
keep rolling or also contain a slight amount of 
asymmetry due to control surface deflection, wing 
and tail incidence, bent body, etc. These equations 
vield the conditions for dynamic stability for both 
statically unstable missiles and also predict that 
the configuration asymmetry, used together with 
rolling velocity, may result in response instabil- 
ity. 


The motions of the missiles developed in this theory 
have been checked on at least two models of simple 
arrow-type configuration when gun-launched at super- 
sonic velocities in the Aberdeen Spark Photography 
Range in which the motion of the missiles could be ob- 
tained versus time, pitching, yawing and in transverse 
displacement. The results of this experiment show that 
in at least two of the tests it was possible to check the 
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theory accurately and determine the aerodynamic de- 
rivatives therefrom. The author pointed out that this 
work was going to be continued on an experimental basis 
in the Aberdeen Spark Photography Range in order to 
verify further the theory presented in this paper. 
This paper was extremely interesting, and it was of in- 
terest to all that the excellent research tool, the Aber- 
deen Spark Photography Range, was continuing to be 
used for this important research purpose. 


The third paper, “Some Aerodynamic Effects of 
Streamwise Gaps in Low Ratio Lifting Surfaces at 
Supersonic Speeds,”’ was written by two members of the 
Aerodynamics Section of Douglas Aircraft Company, 
Inc., at Santa Monica, Drs. Z. O. Bleviss and R. A. 
Struble. As trends in modern aircraft design progress, 
it seems that the wings are getting smaller and smaller 
with respect to the fuselage. This is, of course, es- 
pecially true in all missile design work and brings to the 
fore the important and difficult problem of the effect of 
gaps on such things as lift, downwash at the tail, etc. 
These effects could be considered negligible on the older 
configurations with their high aspect ratios. However, 
they cannot be neglected as design progresses in the 
direction in which it is going, and some information on 
these important effects is badly needed. The authors 
of this paper deal with the problem from the theoretical 
approach, studying by use of linearized supersonic wing 
theory, the effects of gaps, Mach Number, and sweep 
on such things as spanwise lift distribution, total lift, 
center of pressure, drag due to lift, and vorticity at the 
trailing edge. 

The effect of these gaps on tail interference 
was also investigated in an attempt to get some in- 
sight into their overall effect on the stability and trim 
characteristics of the aircraft. The results of this in- 
vestigation were clearly presented in this paper and 
will be of unquestionably great interest to the design 
aerodynamicists who are searching for any data that 
may be available on this important subject. 


The fourth paper, entitled “Supersonic Flow About 
Slender Bodies of Elliptic Cross Section,” was written 
by A. Kahane and A. H. Solarski, from Republic Avia- 
tion Corporation’s Aerodynamics Division. The au- 
thors stated at the outset that problems of supersonic 
flow past bodies of revolution at zero and higher angles 
of attack have been covered. Their theory was de- 
veloped for slender bodies of elliptic cross section in 
supersonic flow and was based on the generalized cross- 
sectional slender body theory of Ward. Their theory 
was applied to the zero angle of attack pressure distri- 
bution on elliptic cones and parabolic are bodies of el- 
liptic cross section. They compared their results with 
the nonlinear elliptic cone calculations and experi- 
mental results of Ferri and found that the agreement 
was close. They also treated the wave drag of bodies 
with elliptic bases, and the wave drag coefficients for 
elliptic cones were calculated. Finally, they indicated 
a method for applying the method to bodies at angles of 
attack. 
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Aerodynamics—ll 
By 


Francis H. Clauser 


Chairman, Department of Aeronautics, The Johns Hopkins University 


The third group of aerodynamics papers, coming 
during the evening of what had been an arduous day, 
was extremely well attended, and the audience was un- 
expectedly responsive in discussing critical points of 
the papers. 

The first speaker was Franklin K. Moore, of the 
N.A.C.A.’s Lewis Flight Propulsion Laboratory. His 
topic was ‘‘Three-Dimensional Laminar Boundary- 
Layer Flow.’’ He had first investigated the general 
properties of laminar boundary layers on slightly yaw- 
ing cones at supersonic speeds. Next he had con- 
sidered large angles of attack, at the same time re- 
stricting his analysis to the flow on the plane of sym- 
metry. He stated that for a cone of given angle, as the 
angle of attack is increased, a point is reached for which 
no solution exists for the boundary layer on the lee- 
ward side according to his analysis. More strictly 
speaking, the boundary layer becomes infinite in thick- 
ness. Moore interpreted this as indicating that the 
boundary layers coming up around the sides of the cone 
form a wake that detaches itself at the top and moves 
out into the fluid. 

The second paper, entitled ‘Experimental Investiga- 
tion of the Characteristics of the Supersonic Laminar 
and Turbulent Boundary Layer at MJ = 3.1,” by W.S. 
Bradfield, D. G. DeCoursin and C. B. Blumer of the 
University of Minnesota, was given by Mr. Bradfield. 
Initially, skin-friction measurements on a cone had been 
made by means of boundary-layer traverses. The 
data for laminar profiles were in good agreement 
with theoretical estimates. Next, prompted by the dis- 
agreement between theoretical and experimental values 
for laminar shear on a flat plate as observed by Blue, 
the authors set out to explore this field too. Their 
experiments also gave shearing coefficients that were 
too high. Believing this was caused by a premature 
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thickening of the layer at the leading edge because of 
lack of sharpness of the edge, they prepared an edge 
with smaller radius and succeeded in reducing the dis- 
crepancy. They further showed that the discrepancies 
of their own work and those of others could be cor- 
related by plotting against an appropriate leading-edge 
parameter. After the presentation, a lively discussion 
ensued, with members of the audience suggesting a va- 
riety of other explanations for the observed phenomena 
such as heat-conduction effects near the nose where the 
gradients are large. 

The third paper, ‘‘Transonic Flow Past Simple Bod 
ies’ by J. D. Cole, G. E. Solomon and W. W. Willmarth, 
of the California Institute of Technology, was pre 
sented by Dr. Cole. Considerable progress has been 
made in recent years, by these authors and others, in ob 
taining solutions for the transonic flow around cones, 
wedges, and flat plates. In this paper, the greater em 
phasis was on the experimental confirmation of a por- 
tion of this theory and on the exploration of some of the 
interesting mixed flow fields that are present. The lift 
and drag results showed satisfactory agreement with 
theory. An interesting set of experiments was described 
in which the flow field on a cone is mapped out for the 
case where there is an embedded subsonic flow next to 
the cone itself. The field is not conical, but becomes 
conical as the Mach Number is raised, approaching the 
lower Taylor Maccoll solutions, which are conical. 

The last paper, “Subsonic Compressibility Correc 
tions for Propellers and Helicopter Rotors” given by E. 
V. Laitone, was written by Professor Laitone and Prof. 
Lawrence Talbot, both of the University of California 
at Berkeley. 

The authors, finding that propeller and helicopter 
theory had never had linearized compressibility theory 
applied to it, explored in detail the effect of the usual 
Prandtl-Glauert Mach Number corrections. Such sim 
plifying assumptions as using a correction based on 
the rotational speed at the three-quarters radius were 
examined. These assumptions make practical analysis 
considerably simpler, and it is of benefit to know the 
limitations involved. Some older data for helicopter at 
high speed were shown to be in agreement with the 
analytical prediction. 

All in all, the audience seemed to feel that, even 
though the day had been long and the papers many, it 
was worth the effort after all. 
said amen! 


To this the speakers 


Meteorology 
By 
Horace R. Byers 


Head, Department of Meteorology, University of Chicago 


In a joint session of the I.A.S. and the American 
Meteorological Society, solar influences on the weather 
were examined, starting with disturbances in the at 
mosphere of the sun and working down into the sub 
stantial portions of the earth's atmosphere. 
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Meteorology 


Dr. Donald H. Menzel, of Harvard College Observa- 
tory, in a paper entitled “Solar Variation and the 
Earth’s Atmosphere’ pointed out that in the visible 
portion of the spectrum the emission from the sun is es- 
sentially constant and it is in the far ultraviolet and 
soft X-rays where changes occur. There is a variation 
by a factor of two in the ionizing radiation between 
maxima and minima in the sun-spot cycle. 

The corpuscular radiation is of special interest. In 
the aurora we see energy entering the atmosphere in the 
form of corpuscular radiation, which, while small in 
total energy, is so completely absorbed that it can be an 
important factor in the atmosphere. The corpuscular 
emission from the sun takes the form of clouds of cor- 
puscles like spiral spokes of a wheel shot out to and be- 
yond the earth’s orbit. This material slides into the 
earth’s atmosphere along the magnetic lines of force so 
that they are funneled in near the poles to form the 
auroras. 

Dr. Joseph Kaplan, of the Department of Physics, 
University of California at Los Angeles, presented a 
paper prepared jointly with Mrs. Hilda Kallman en- 
titled ‘Upper Atmosphere Reactions to Solar Activity.” 
He told of his discovery in the laboratory of the ‘‘after- 
glow” spectrum of oxygen corresponding to the emis- 
sion of light from the high atmosphere, such as seen in 
The effects are 
present in the ultraviolet bands of 7,600 and 8,640 


the light of the night sky or “‘airglow.”’ 
angstroms. If the ultraviolet radiation is increased by 
20, the amount of atmospheric oxygen increases and 
Mrs. Kall- 
man’s work demonstrates that with a disturbed sun 


shifts to lower levels in the atmosphere. 


there is not only a greater electron density in the E 
layer but the maximum drops from a height of 108 to 
96 km. 
permitting both the molecular weight and the tem- 
perature to vary, a task not accomplished by previous 


An improved calculation was carried out by 


investigators. 

From 100 km. the discussion came down as low as 10 
km. or less in the paper by Prof. Bernhard Haurwitz, 
Head of the Department of Meteorology and Oceanog- 


raphy at New York University. His contribution was 
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entitled ‘“‘Weather, Climate, and Solar Activity.”’ He 
stated that, although the high atmosphere is the link 
between the sun and the lower atmosphere, the ef- 
fects must be realized below the 100-km. level because 
only a millionth of the atmospheric mass is above that 
height. During solar flares the ultraviolet emission 
from the sun increases, causing the temperature to in- 
crease in the strongly ultraviolet-absorbing ozone layer. 
Since this layer is at about 30 k-n., there is still 1/ 100th 
of the atmosphere above it. 

Some scattered observations of unusually marked in- 
creases in temperature in the ozonosphere were shown. 
One was a set of balloon observations last year in Ber- 
lin, which showed temperature increases at 30 km. of 
25°C. or more in 2 or 3 days. This heating subse- 
quently worked down to levels of 10 km. or lower. To 
get this heating by descending motion with adiabatic 
compression, the air would have to sink 4,000 m. This 
should increase the total ozone content of the atmos- 
phere, and indeed on one occasion the ozone increased 
at the Arosa Observatory in Switzerland. In another 
case it did not. Dr. Haurwitz thought the tempera- 
ture changes could not be explained easily by me- 
chanical processes but hoped that the problem would be 
clarified soon by additional observations. 


Electronics in Aviation—l 


Impact of Electronic Trends on Aircraft Design 


By 
Gen. P. C. Sandretto 


Assistant Technical Director, Federal Telecommunication Laboratories, 
Inc. 


The Chairman introduced the session with the fol- 
lowing remarks: 

“While the Wright Brothers demonstrated powered 
flight in 1903, it was several years before the airplane 
had reached the stage of development where it could be 
regarded as a means of transportation and had acquired 
unique navigational problems. By one of those coin- 
cidences that have had a profound effect on the course 
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of history, radio development paralleled in time that 
of the airplane. It was in 1902 that John Stone 
obtained a patent on the first device applying radio to 
navigation, and in 1910, when the airplane was in need 
of navigation equipment, James McCurdy trans- 
mitted a radio message from the air. Radio and the 
aeronautical sciences were therefore united to bring 
forth air transportation. 


“The joining of radio and aeronautics was, however, 
a union of convenience rather than love, because two 
more incompatible equipments than the airplane and 
the radio set could hardly be found. 


“Flight’s greatest obstacle is weight, and radio 
equipment is heavy. Radio equipment is delicate and 
dislikes a vibrating ambient. Yet all aircraft have 
pronounced vibration characteristics. Any protrusions 
reduce the efficiency of an airplane, yet all radio in- 
stallations operate best with large protruding antennas. 
And so on, and on, we could mention the incongruity 
of applying radio to aviation. 


“For years the problems of incompatibility were 
largely ignored. It was not until 1936 that the first air 
craft had radio equipment engineered into it at the time 
of its inception. The radio engineers did very little 
better in approaching the problem from their end. 
This meeting today is to try to bring a better under 
standing between the aeronautical and the radio en 
gineers of each others problems.” 


The first paper dealt with the systematic cooling of 
air-borne electronic equipment and was presented by 
Walter Robinson, who is Research Supervisor and As- 
sistant Professor of Mechanical Engineering at The 
Ohio State University. After discussing the cooling 
problem, Mr. Robinson described seven methods that 
were applied to cooling a power supply unit having a 
heat dissipation of 330 watts. The following designs 
and methods were described : 

(1) Open unit type 1: In this construction the air 
flow is produced horizontally across the tube surface. 


In this construction the air 
flow is produced vertically upward and essentially par- 
allel to the tube surface. 


(2) Open unit type 2: 


(3) Closed conduction cooled unit: In this model 
the unit is closed and utilizes conduction principally to 
transfer heat from the components to a heat-exchanger 
plate. 

(4) Sealed internally forced-air-cooled unit: In 
this design the vertical flow pattern of the open unit was 
used together with a heat exchanger having internal 
and external cooling passages. 

(5) Mineral oil filled units. 

(6) Freon filled unit. 


(7) Spray cooled unit: This design overcame the 
weight disadvantage of the units in which all com- 
ponents were completely immersed. The system util- 
ized a circulating pump and external heat exchanger. 
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The speaker made the statement that ‘‘comparison 
of the seven units here discussed cannot be generalized 
without exception. The relative merits are affected by 
the type of units for which the comparison is made.”’ 


In practical design, the cooling methods discussed are 
most likely to be used with equipments employing 
miniature- or subminiature-type tubes. The author 
conducted his tests on large tubes with noncylindrical 
Shell. Various designing engineers are attempting to 
cool subminiature tubes through the use of springy tube 
shells that fit closely against the perfectly cylindrical 
surfaces of the tubes, and only a thin layer of silicone 
rubber is required to obtain perfect contact. It would 
appear, therefore, that it would be difficult to apply the 
speaker's work directly to many of the model designs; 
however, as a source of ideas for such design the paper 
was interesting. Some of the discussions that arose 
concerned the relation between the author's results and 
those for turbulent air cooling presented by an investi 
gator in this field at last year’s meeting. The author 
expressed the view that there were no differences be 
tween his work with air cooling and that of the previous 
year's author; however, the debate on this subject had 
to be terminated before a firm conclusion could be 
drawn. 


The next paper was by William Sichak, J. J. Nail, 
and A. G. Kandoian, all of Federal Telecommunication 
Laboratories. Mr. Kandoian made the presentation. 
The paper was concerned with the pressing problem 
of obtaining satisfactory patterns from ultra-high-fre- 
quency antennas mounted on large aircraft. Mr. 
Kandoian stated that ‘‘a year ago at the same meeting 
Dr. John Granger, of Stamford Research University, in 
an excellent survey of the aircraft antenna problem, 
stated correctly that a solution to the ultra-high-fre- 
quency antenna problem was not in sight. It is our 
belief that in the past year this solution has actually 
come in sight, though it definitely is not here yet. 
Perhaps a year from now it can be said that a solution is 
at hand.” 

The speaker then went on to explain his reasons for 
believing that a solution was in sight. He discussed the 
extensive work that had been done over a period of time 
to determine the patterns that could be expected from 
antennas mounted in various places in the aircraft. 
The conclusion was reached that the solution must con- 
sist in the use of multiple antennas. It was stated that 
the problem of connecting multiple antennas to give 
suitable pattern was readily subject to solution when 
the equipment was to be used for distance-measuring or 
radar-beacon purposes but was not yet solved for other 
applications. The problems that must be solved in 
order to apply the multiple antenna system to other 
solutions were then discussed. The discussion of this 
paper was relatively short. 

At last year’s session increase in reliability of air- 
borne equipment was discussed through the use of the 
transistor. Equally as important perhaps as the tran- 
sistor is the magnetic amplifier, which can perform many 
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tasks for which electronic tubes have been used without 
the use of tubes. The next paper was by Henry F. 
McKenney entitled ““What Magnetic Amplifiers Can 
Do to Increase Aircraft Reliability’. The paper was 
presented by George F. Schroeder, Assistant Chief 
Engineer of the Ford Instrument Company. Mr. 
Schroeder stated that the advantages of the magnetic 
amplifier were (1) no warmup time and (2) no cooling 
problems. 


In addition the speaker stated that the magnetic 
amplifiers had the following characteristics: 

(a) Sensitivity: Amplifiers sensitive to less than | 
milliwatt have been devised. 


(b) Gain: Power gains of a single-stage amplifier 
as high as | milliwatt have been obtained. 

(c) Linearity: Constant output-input ratios up to 
SO per cent of the output load have been obtained. 

(d) Response time: Magnetic amplifiers can be 
made to fit the response time requirements for almost 
every application. 

Author showed a dia- 
gram of an amplifier with a phase lag of less than 40°. 

(f) Circuit Author concluded 
that, by the use of bridge type circuits, he was able to 


(e) Frequency response: 


stability criteria: 
reduce appreciably the effects of line voltage and fre- 
quency application. 

After having discussed the design criteria the author 
went on to discuss magnetic amplifier applications to 
converters, turret drives, autopilot, and pulse generator. 
He stated that pulses with time durations of the order 


of 3 microsec. had been obtained. Considerable re- 
sponse followed Mr. Schroeder's discussion, and this 
concerned what had to be done to keep the perform- 
ance of these magnetic amplifiers free from shock and 
also the question of maintaining high efficiency. 

The last paper concerned the application of electronics 
to aircraft engine control. The paper by Joel D. Peter- 
son and Robert W. Curran was presented by the latter, 
who is Project Engineer in the Automatic Controls Lab- 
oratory of the Eclipse-Pioneer Division of Bendix Avia- 
tion Corporation. Mr. Curran discussed the cumber- 
someness of the present cable and pulley system of throt- 
tle and mixture controls and showed how the saving in 
weight could be obtained by the use of a servo-amplifier 
consisting of a 5-lb. servomotor and a 5-lb. servo- 
The speaker then went on to 
explain the advantages in adopting the coutrol to auto- 


amplifier (per engine). 
matic mixing, etc. The speaker also discussed the dif- 
ficulty that has been experienced in attempting to 
convince engine men that the equipment was reliable. 
He stated that only two tubes are used in the magnetic 
amplifiers and that in some 2,000 hours of operation 
there had been no failure. The discussion centered 
largely around the question of reliability and fail-safe- 
ness. Mr. Curran stated that the system was not com- 
pletely fail-safe but that a number of provisions were 
made to take care of the most prominent failures that 
might occur. 
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Electronics Symposium 
Edward Warner, Chairman 
Council President, 
Note: This entire symposium will be published in 


the May issue of the REVIEW. 


Motorless Flight 


By 
Ben Shupack 
Adelphi College 


The Motorless Flight Session this year was devoted 
entirely to the problem of reducing drag and increasing 
lift by means of boundary-layer suction. The world’s 
record-breaking sailplane, RJ-5, developed by R. H. 
Johnson at Mississippi State College to a glide ratio of 
40 to 1 and a minimum drag coefficient of 0.01, illustrates 
the present maximum in aerodynamic refinement for 
pure geometric control of the boundary layer. Ap- 
preciable advances can only come from the extended 
control of the boundary layer permitted by the ap- 
plication of suction. 

Some 49 years ago, Professor Prandtl announced the 
concept of the boundary layer and also the control of 
this layer through suction. Since then there have been 
many researches, particularly in Germany during the 
war, on suction boundary-layer control. Since the 
war there have appeared several additional investiga- 
tions in this field among which the work of Pfenninger* 
is outstanding. 

Last year, two papers appeared covering flight re- 
search on suction stabilized laminar boundary layers; 
Jones and Head‘ and Raspet.* The paper by Raspet 

* Pfenninger, W., Investigations of Reductions of Friction on 
Wings, In Particular by Means of Boundary Layer Suction, 
N.A.C.A. T.M. No. 1181, August, 1947. 

+ Jones, M., and Head, M.R., The Reduction of Drag by Distrib- 
uted Suction, Proceedings, Third Anglo-American Aeronautical 
Conference, Brighton, 1951. 


t Raspet, A., Boundary Layer Studies on a Sailplane, Aeronau- 
tical Engineering Review, Vol. 2, No. 6, June, 1952 


Motorless Flight 
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was presented to the Motorless Flight Session just | 
vear ago and showed that the boundary layer could be 
stabilized to a degree sufficient to remain laminar up to 
the trailing edge by suction applied through holes per 
forated into the fabric of the after portion of the airfoil. 

This past year, a research team working under the 
direction of Dr. Raspet at Mississippi State College 
explored the possibilities of suction boundary-layer 
control much more exhaustively. The problems of suc 
tion sources, trailing-edge suction, suction through per 
forated surfaces and structural considerations as out 
lined at the joint I.A.S.-S.S.A. meeting in 1952 were 
elaborated on with the background of a year of study. 

Since the foregoing problems are intimately intercon 
nected in determining the final scheme of improved 
aerodynamic performance, they were presented together 
in’a single session. 

When the boundary layer remains laminar over the 
entire chord, the skin-friction drag and drag due to suc 
tion power are nearly equal. For this reason the 
problem of suction sources and flows merits as much 
consideration as does the problem of external aero- 
dynamics. 

Glenn D. Bryant, in his paper ‘Investigation of a 
Windmill Suction Source for Boundary-Layer Stabiliza 
tion,’ made a broad exploration of suction sources for 
boundary-layer control. Fig. 1 illustrates the general 
survey. He discussed the mixed flow sources and 
showed that at present these are not promising, since 
their efficiency is extremely low—i.e., 4 per cent for a 
venturi. Bryant next chose to consider a windmill in 
which the suction air passed radially through the hollow 
blades and exhausted at the tips in the manner of a 
centrifugal pump. An experimental analysis of this 
windmill pump showed clearly that the next step in 
improved efficiency is a multistage axial blower driven 
by the windmill. This last unit is expected to have an 
efficiency of over 60 per cent. 

It may be argued that a windmill has no place on a 
modern aircraft. Yet it is a device wholly independent 
of any power source, for it derives its power from the 
motion of the aircraft through the air. In any case, it 
is the solution of the moment and is ideal for applica- 
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tion to the research aircraft that is a_ sailplane. 
Since no power source is available to the sailplane, it 
relies entirely on its stored potential energy—viz., 
altitude above ground. From this stored energy all 
If, then, a flight with suction 
boundary-layer control is compared with one without, 
one sees immediately whether there is a net gain in 
lift to drag ratio by using suction. 


losses must be paid for. 


Bryant also discussed various engine-operated blower 
schemes. They enjoy the advantage in a powered air- 
craft of not requiring the inefficiency of the propulsion 
system to be added to the inefficiency of the suction 
system in determining the power cost of boundary 
layer control. 

Following Bryant's paper, R. F. Badertscher, of Bat- 
telle Memorial Institute, asked if the porous skin were 
used rather than just a trailing-edge slot to effect im 
proved efficiency of the wing-tip suction method. The 
reply was that, because of the pressure characteristics 
of the tip suction source, it could not provide a sul 
ficient negative pressure to prevent outflow in any but 
the rearward chordwise positions except at extremely 
high lift coefficients. 

The next paper, “Flight Measurements of Automatic 
lrailing-Edge Suction on a Sailplane,’’ was in essence a 
progress report by August Raspet on trailing-edge suc 
tion and showed little promise for automatic trailing 
edge suction on sailplanes where an improvement in 
performance is the prime consideration. He was 
hopeful, however, that trailing-edge suction with a 
better suction source than the tip may provide a means 
for affecting control of aircraft by simply valving air. 
A. F. Kossar, of Kaman Aircraft Corporation, con- 
tributed the idea that negative damping in roll incre 
ment would result from the pressure variation of a tip 
source with lift coefficient. This is for a dropping wing, 
but for a rising wing with trailing-edge suction for lateral 
control the reverse condition applies. A suction source 
ducting air into the tip vortex was also suggested. 
This source has been studied by Raspet previously 
and was found lacking in pressure and in stability of the 
vortex. 

Bruce H. Carmichael, in his paper “Flight Ob- 
servations of Suction Stabilized Boundary Layers,” 
gave a detailed study of suction through two surfaces 
of widely different porosities. A careful exploration of 
the region of stabilization of the laminar boundary 
layer on the same setup as used by Raspet showed that 
over-suction is a definite cause of destabilization. 
Reducing the porosity to about one-third in the same 
series of studies Carmichael found that the stabilization 
could be improved, and a laminar boundary layer 
maintained, over the full chord, at the higher air speeds 
where stabilization had previously failed. A Rey- 
nolds Number of 4,600 based on displacement thickness 
believed to be the highest obtained to date in a suction 
stabilized boundary layer) was achieved on the low- 
porosity skin. In spite of the Pohlhausen parameter 
reaching minus 21, the laminar boundary layer did not 


separate. For nonsuction airflows, laminar separation 
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is predicted when the Pohlhausen parameter reaches a 
value of minus 12. A further revealing result of the 
research was the fact that the shape parameters of the 
velocity profile H, measured for the more efficient low 
suction case, remained around the Blasius value of 2.6 
(Fig. 2), whereas the theoretical asymptotic suction re- 
quired a value of 2. 


When the drag due to power required for suction was 
added to the external drag, there was measured a total 
effective profile drag coefficient only 54 per cent of that 
of the same airfoil in the smooth, impervious state. 
Carmichael pointed out that, although the overall drag 
reduction was promising, a minimum had not yet been 
reached. He had reason to believe that quantities of 
airflow considerably lower than required for asymptotic 
suction would suffice for stabilization. The appli- 
cability of these studies on a slow-flying sailplane to high- 
speed aircraft was stressed in the following manner: 
The former criterion for aerodynamic similitude 
namely, the Reynolds Number based on chord and air 
speed—is valid only where the boundary layer is per- 
mitted to develop naturally on an impervious surface. 
Where the development of the shape and thickness is 
artificially controlled by properly distributed suction, 
the Reynolds Number based on potential velocity and 
momentum or displacement thickness is the sole criter- 
ion of similarity. 

The discussion was initiated by William E. Buford, 
Supersonic Wind Tunnel, B.R.L., who reminded the 
forum that Dr. Hugh L. Dryden in his paper* showed 
that the effect of roughness was a function of the ratio 
of roughness height to displacement thickness. Dr. 
Dryden reasoned that, since suction in general de- 
creases the displacement thickness, the effect of rough- 
ness becomes more pronounced when the suction is ap- 
plied and thereby transition is encouraged. 


Carmichael replied that, with properly distributed 
porosity, overthinning of the boundary layer is no 
longer an unavoidable consequence of increasing air 
speed. The flight data obtained to date demonstrate 
the desirability of permitting a gradual controlled 
growth of the boundary layer for reasons of flight 
economy, as well as for reasons of sensitivity to rough- 
ness. This departure from the concept of asymptotic 
suction is of marked significance to the field of bound- 
ary-layer stabilization. 


W. Stepniewski, of Piasecki Helicopter Corporation, 
inquired whether a compartmented wing had been tried 
and elicited that such a wing was contemplated but had 
not yet been tested. Carlton Biolletti, of N.A.C.A. 
Ames, asked how an impervious low-drag airfoil would 
compare with the conventional suction airfoil at the 
same air speed and chord, to which Carmichael quoted 
for the low-drag airfoil a flight-tested coefficient of 
0.0067 and for the suction airfoil 0.004. 


* “Review of Published Data on the Effect of Roughness on 


Transition from Laminar to Turbulent Flow,” presented at the 


Aerodynamics Session, Twenty-First Annual Meeting, I.A.S., 
New York, January 26-29, 1953. 
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BOUNDARY LAVER CHARACTERISTICS ALONG 
UPRER SURFACE OF SUCTION AIRFOIL 
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The final paper of this session, given by Charles B. 
Cliett, “Structural Comparison of Perforated Skin 
Surfaces with Other Means of Effecting Boundary- 
Layer Control by Suction,” presented the results of a 
series of studies to determine the structural feasibility 
of perforated sheet materials that could be used in af- 
fecting boundary-layer control by suction. 


Comparing the structural requirements for mult- 
ple slots as against porous surfaces shows that the per- 
forated sheet materials are definitely superior, for the 
technique of using a perforated surface involves little 
additional structure over the conventional wing design. 
Empirical methods of predicting ultimate failure in ten- 
sion and shear in perforated materials have been found 
which agree remarkably well with actual experiment. 
The research proves that the suction wing using a 
porous surface is aerodynamically advantageous and 
that the structural considerations have been suf- 
ficiently established so that such wings can be de- 
signed with confidence, see Fig. 4, page 42. 


A. F. Kossar suggested that the fatigue picture might 
be improved by attention to the smoothness of the wall 
of the holes. A reduction in the presence of small 
cracks may improve the local fatigue characteristics. 
D. R. Jenkins, Battelle Memorial Institute, suggested 
the study of the variation in metallurgical transition 
temperature with numbers of holes and hole arrange- 
ment, since the proposed theory of strength is based 
on the ability of the materials to deform plasticallye 
Professor George Madelung suggested that it might be 
worth considering elliptical holes. 
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This series of papers is concerned with an area of 
aeronautical research of high promise not only to the 


devotees of motorless flight but also to the powered- 
aircraft field. Possible performance improvements in- 
clude a slower landing speed, a greater range, and a 
greater top speed. Such are the benefits that were 
forecast in the Motorless Flight Session of 1952 and 
brought nearer realization in this session of 1953. 


Aviation Medicine 


Aeromedical Problems of 


Air Transport of This Next Decade 
Brig. Gen. Otis O. Benson, Jr., U.S.A.F. (M.C.), 


hairman 
Commandant, U.S.A.F. School of Aviation Medicine 


Note: All papers presented at this session are pub- 
lished in the following pages of this issue of the REVIEW. 


Air Transport—Safety 


In Cooperation with The Daniel and Florence 
Guggenheim Aviation Safety Center at 
Cornell University 


By 
Jerome Lederer 


Director, Flight Safety Foundation 


[At the request of the editors, Chairman “Jerry” 
Lederer has written up his introductory remarks, which 
made such an impression on the audience.—Eb. | 


In his luncheon talk on Tuesday, January 27, Dr. C.C. 
Furnas referred to the excellent safety record of the 
domestic scheduled air lines as a freak point along a 
safety curve that seems to have leveled off. We hope 
this is not so, but it may well be. Only | year ago the 
industry was thrown for a tremendous loss by disasters 
at Newark and Idlewild. Neither the industry nor 
the public has recovered from that shock, in spite of the 
intervening safety record. Never have we witnessed so 
much interest and anxiety for safety on the part of the 
industry. They know that a safety statistic is like a 
Bikini bathing suit. What it reveals is important and 
interesting; what it conceals is vital! 
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But when safety is discussed with engineers, one often 
hears that, if we need not go beyond a certain safety 
point, one fatality per 100 million is often mentioned as 
satisfactory. Unfortunately, the public does not think 
in terms of statistics. It thinks in terms of disagree- 
able personal consequences. 

If you were ordinary people instead of engineers, | 
could prove this to you with a rifle. 
plane; you are the public. 


The rifle is an air- 
I am the pilot. I don't 
know whether this rifle is loaded any more than a pilot 
knows what internal troubles are impending in his 
plane. So when I point the rifle at you, as I will, you 
may be under no hazard whatever if it is not loaded. 
Anyway in a room as large as this, which holds about 
500 people, your chance of being hit is one in 500. I 
shall put the safety catch on and, since it has no elec- 
trical circuits or radio tubes, its probability of mal- 
functioning is relatively low. 
iar with guns. 


I am reasonably famil 
So when I point this rifle at you, the 
chances of your being hit by a bullet are statistically 
small—probably much less than being involved in an 
airplane accident. Therefore, when I point this rifle 
at you, you as engineers, realizing how safe this is from 
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the statistical standpoint, will have no emotional reac- 
tion. 

But if you were the public, you undoubtedly would 
be a wee bit worried. 

Anxiety never disappears in a human being in an air- 
plane—it merely remains dormant when there is no 
cause to arouse it. Our challenge is to keep it forever 
dormant. 

Public opinion, the human reaction to air transport, 
is an intangible force, but no engineer engaged in air- 
plane design can afford to ignore its strength or its 
direction. 


Two of the papers presented during this Air Safety 
Session were concerned with propeller reversal problems, 
and one dealt with problems encountered by the pilot in 
the last 3 min. of flight under instrument conditions. 

The first paper, by David Posner, C.A.A., was an 
excellent résumé of the present status of the proposed 
fixes to prevent inadvertent propeller reversal. Mr. 
Posner began by recalling the importance of reversing 
propellers to safety and stated that there were 38 acci- 
dents in the period 1947 to August, 1952, which might 
have been prevented. These accidents resulted in 90 
fatalities and 26 major injuries. Against this, there 
have been two fatal accidents attributable to an inad- 
vertent flight reversal. A careful analysis of the crash 
in which the unwanted reversals occurred points to the 
following: (1) electrical faults in the propeller control 
and (2) inadvertent movement of the throttle into re- 
verse in flight. Posner called attention to stray elec- 
trical currents, faulty electrical connections, and dete- 
rioration of insulation as the main troubles. 

After discussing the various ways in which the throt- 
tle can contribute to an advertent reversal, he dealt with 
proposed ‘‘fixes.’’ One fix calls for a required “‘lift”’ 
of the throttles to reverse the propellers and another re- 
quires auxiliary levers that the pilot must operate before 
the propellers can be reversed. 

The second paper, by Mel Gough, Directorate of 
Flight Test Research at the N.A.C.A., Langley Aero- 
nautical Laboratory, described a simple device to warn 
a pilot of the imminence of change of propeller thrust. 
This device consists simply of a pressure tube (pitot 
tube without the static openings) installed behind each 
propeller. Two tubes are installed, one on top and one 
on the bottom of the nacelle. The pressure in each pair 
of tubes is averaged out before being shown as a single 
This gives the 
pilot a positive indication in the cockpit as to the rela- 


reading on the indicator in the cockpit. 
tive thrust of each engine. If a propeller should begin 
to reverse inadvertently, he would get an immediate 
clue from the dials. 

In the ensuing discussion the point was made that this 
would be adding another instrument to the already 
crowded instrument panel. Gough responded by show- 
ing how this indicator is in the form of a “‘totalizer’’ and 
could replace several other instruments in the cockpit 


such as manifold pressure, tachometer, etc. He also 
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stressed the point that it would quickly indicate any 
tendency to yaw on take-off even before the pilot could 
sense it in his controls. 

Captain Arthur Jenks, Chief, Flight Inspection Divi- 
sion, Federal Airways, C.A.A., described the problems 
that face a pilot in the last 3 min. of an instrument 
flight. He emphasized that adherence to a predeter- 
mined straight-line path is an extremely difficult flight 
maneuver, especially under instrument flight conditions. 
His motion pictures showed how aircraft tend to slide 
sideways rather than take up a new course when the 
controls are moved to correct for small variations from a 
desired path. The airplane follows a ballistic path 
rather than an aerodynamic path, and the inability of 
the pilot to recognize this turn /time lag induces over- 
correction and the development of an oscillatory flight 
He stressed the need for further attention to 
this critical problem. 


path. 


Rotating Wing Aircraft 
By 


Thomas J. Harriman 


Assistant Chief Engineer, Helicopter Division, Bell Aircraft 
Corporation 


The combined A.H.S.-I.A.S. Helicopter Sessiln at 
the Annual Meeting of the Institute of the Aeronautical 
Sciences in New York saw three papers presented to ap- 
The first was given by Char- 
les W. Ellis, III, Test and Development Engineer at 
Kaman Aircraft Corporation, entitled ‘Effects of Artic- 
ulated Rotor Dynamics on Helicopter Automatic Con- 
trol System Requirements.”’ 
copter automatic control designers with a better under- 


proximately 150 people. 


In order to provide heli- 


standing of some of the limitations and requirements 
imposed on any stabilization or control device by the 
conventional type of articulated lifting rotor, a theoret- 
ical investigation was carried out to determine the in- 
fluence of such a rotor on the dynamic properties of a 
stabilized This 
that any analysis of a high-gain attitude stabilization 


helicopter. investigation indicated 
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Rotating Wing Aircraft 


scheme should include the dynamics of the rotor; it 
also indicated that simplified methods of considering 
the effects of such rotor dynamics were feasible. In 
conjunction with this theoretical investigation, an ex 
perimental program was carried out. Comparison of 
theoretically predicted and experimentally measured 
helicopter dynamics indicated the validity of the simpli 
fied methods considered and bore out the conclusion 
that rotor dynamics should be included in high-gain 
attitude stabilization analyses. Ed Carter, of Sikor 
sky, pointed out in the discussion and question period 
that the variation between pitch and roll inertia ratios 
probably requires a_ significant difference between 
pitch and roll feedback ratios. Mr. Sissingh, of Mc 
Donnell, mentioned the importance of blade inertia 
value; it was reported that y = 10 was the value used. 

The second paper was ‘“‘Forward-Flight Lateral 
Stability and Flying Qualities Studies of the Tandem 
Helicopter,” by Kenneth B. Amer, Flight Research 
Division, N.A.C.A., Langley Field, Va. Results of 
flight-test measurements and corresponding pilots’ 
opinions of the forward-flight lateral-directional flying 
qualities of a tandem helicopter in several different con 
figurations are compared and analyzed. The conclu 
sions are presented in the form of desirable flying quali 
ties goals applicable to all types of helicopters. Com- 
parison between theoretical analyses and experimental 
results indicates theory to be a useful tool for studying 
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means to achieve these goals. Possible practical meth 
ods to meet these goals in the tandem helicopter are sug 
gested, based on results of theoretical analyses. Mr. 
Amer’s paper was an excellent combination of applied 
theory and practical testing of a full-scale helicopter 

lhe physical explanations for the important stability 
parameters were directly shown by slides of the appro 
priate diagrams. Undoubtedly this work will be stand 

ard text material in lateral-directional stability for 
some time. From the pilots’ and engineers’ evaluations 
of the tests, it was concluded that helicopters should 
have directional stability with pedals fixed in all flight 
conditions. There should exist no Dutch roll and there 
should be no rolling velocity reversals. The important 
stability derivatives are effective dihedral, which should 
be reduced to a low value; damping in roll, which should 
be large; and roll due to yawing, which should be large 
and positive. In the discussions, Mr. Kossar, of Kaman, 
indicated a directional stability complication because of 
relative angularity of the rotor axes. Mr. Adler, ol 
Piasecki, illustrated that a tandem helicopter depends 
more on the fuselage for its directional stability, while the 
synchropter designer must pay close attention to rotor 
axis angles. In response to the Chairman's question 
concerning damping of roll sometimes becoming nega 

tive, Mr. Amer explained that speeds during the sub 

ject flight testing were too low to change the sign of the 
damping moment. 

The last paper was scheduled to have been \/aneunver 

ng Loads and Effect of Rapid Control Movement, by 

William Wettengel, Flight Test Engineer, Helicopter 
Division, Bell Aireraft Corporation. Because clear- 
ance was not received for this presentation, Paul Kes 

ling, also of the Flight Test Engineering Section of Bell, 
gave an interesting technical description of the record 
breaking long-distance hop of a Bell Model 47 helicop- 
ter, illustrated by photographs of the special equipment 
and Mr. Kesling’s amusing revelations. The paper con 
tributed a great deal to the interest and informativeness 
of the meeting. The difficulties of proper weather were 
discussed along with the pilot's problem in contending 
with a smoky radio. While leg fatigue became a seri- 
ous comfort problem, the pilot's condition was ade 
quate for precise control throughout the flight. Twelve 
hundred and seventeen miles in 13 hours were the vital 
Statistics of the record. 


Plan Now to Attend 


Fourth International Acronautical Conference 
LA.S.-R.Ae.S., London, England, September 7-17, 1953 
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TRENDS AND TRANSITION IN AEROMEDICAL PROBLEMS 
With A View Toward The Next Ten Years 


Brig. Gen. Otis O. Benson, Jr., U.S.A.F. (M.C.)* 


INTRODUCTION 

TITLE OF THE AEROMEDICAL SYMPOSIUM pre- 

sented before the Institute of the Aeronautical 
Sciences was “Aeromedical Problems of Air Transport 
of This Next Decade.” In planning the symposium 
and in the papers published herein, we have not ad- 
hered rigidly to the title but, rather, we have attempted 
to present the human problems of manned flight as they 
exist today and as they are foreseen in the ensuing dec- 
ade. A dichotomy of exposition occurs because the 
aeromedical problems of civil air transport represent 
one group of stress situations, while the most advanced 
experimental and military flying create environmental 
exposures quite different in degree or in character. The 
reasons are obvious when one recalls that the basic 
tenets of commercial aviation are safety and economy, 
while maximum performance and world leadership are 
a national objective for the military. Thus, commercial 
aviation progresses some 5 to 10 years behind the most 
advanced military aviation accomplishments, and to a 
great extent the aeromedical problems of civil aviation 
today are those the Air Force encountered toward the 
conclusion of World War II. For the purposes of our 
discussion today, then, we have set as the parameters 
the aircraft performance data shown in Fig. 1. 


It is not our intent to enter into the popular inter-’ 


national pastime of speculating on future aircraft per- 
formances, but it would seem that there is abundant 
evidence indicating that, if anything, we err on the con- 
It is of historical interest to review the 
aircraft performance records of the period 1905 to 1950 
and to note the trend since 1947 (see Fig. 2). 


servative side. 


Only re- 
cently was it announced that an operational-type jet 
fighter flew at 699.9 m.p.h. and that a service-type 
bomber flew from Honolulu to San Francisco in about 
1!/, hours. This latter achievement makes us realize 
how truly small the world is becoming in terms of hours 
of travel between places we formerly considered dis- 
tant (see Fig. 3). At 500 m.p.h., jet-bomber or jet- 
transport speed, the earth can be circumnavigated at 
the equator in about 2 days of continuous flight 

around the North Temperate Zone it can be done in 


less time. 


Presented at the Aviation Medicine Session, Twenty-First 
Annual Meeting, I.A.S., New York, January 26-29, 1953. 
* Commandant. 


U.S.A.F. School of Aviation Medicine 


AEROMEDICAL PROBLEMS OF TODAY 


The most important aeromedical problems of today 
are occasioned by pilot error (erring pilot), loss of cabin 
pressure, and escape from highest performance air- 
craft. Pilot error remains the single most important 
cause of aircraft accidents and mission failure. Great 
energy and much substance are going into studies to 
try to define the problem in all of its ramifications and to 


AIRCRAFT PERFORMANCE AFFECTING 


AVIATION MEDICINE 
1953 — 1963 


CIVIL AIR TRANSPORT —— JUST SUBSONIC 
MILITARY AIRCRAFT ——— TO 2,000 MPH 


ALTITUDE 


CIVIL AIR TRANSPORT 


ACTUAL ALTITUDE —— NOT OVER 50,000 FT 
CABIN ALTITUDE —— NOT OVER 10,000 FT 


MILITARY AIRCRAFT 


ACTUAL ALTITUDE 100,000 FT. 
CABIN ALTITUDE —— NOT OVER 37,000 FT 


Fig. 
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RELATIVE SIZE OF THE EARTH IN TERMS OF PUBLIC TRANSPORTATION 
1800 — 1960 


(24 HOURS TRAVEL ) 
1800 240 MILES AT 10MPH 


YEAR 


1925 


1950 


1960 


obtain additional solutions. No one yet has disproved 
the old adage: ‘To err is human.’ Continued effort 
is going into both psychological and physical selection 
research. Further culling or selection is performed by 
the air lines in employing former military pilots, and in 
certain military programs there is an element of super- 
selection of air-crew personnel. At best, refinements of 
minor degree have been obtained to date. The prob- 
lem of the ‘‘aging pilot’ is receiving increased em- 
phasis, but important criteria are not yet elaborated. 
Improvement in cockpit layout, work space, and in- 
strument design has been studied, and greater stand- 
ardardization has been advocated, together with a 
better display of flight- and engine-instrument infor- 
mation. It seems to the writer that advancements in 
this latter endeavor have been all too retarded. A cur- 
rent study of ‘“‘near-accidents”’ may bring forth new data 
from which practical applications may stem. 


Failure of cabin pressurization is, in general, an in- 
dictment of the engineers. Aside from battle damage 
in military aircraft, it should not occur. In most re- 
corded instances it has been due to loss of an astrodome 
or hatch—a structural failure. Something as simple 
as a coarse nylon mesh over hatches and other large 
orifices would have prevented loss of life and may yet be 
advocated as lifesaving. The sudden loss of cabin 
pressurization where the ambient pressure is consider- 
ably less than the cabin pressure produces the following 
untoward events, in order of occurrence: decompres- 
sion, expulsive effect about the orifice, hypoxia (acute 
oxygen deprivation), and dysbarism (‘‘bends” or re- 
lated symptoms). The danger to occupants of an air- 
craft suddenly decompressed is caused by the almost 
instantaneous expansion of the body gases. The lungs 
have the most delicate structure, and laceration of the 
lung tissue with massive air embolism has been ob- 
served following explosive decompression where the 
time of decompression was extremely rapid and the 
pressure differential great. This has occurred in mis- 
haps in experimental diving and is more a potentiality 
than an actuality in aviation experience at this writing. 
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This consideration should not be overemphasized, but 
as flight goes to greater heights it should not be mini 
mized either. Experimental studies completed at th« 
end of World War II defined the upper limits of man’s 
tolerance to explosive decompression. Dr. Luit dis 
cusses this in somewhat more detail in his paper on 
page 56. 

The expulsive effect of the air escaping from the air 
craft cabin through the orifice—whether it be astro 
dome, hatch, or hole produced by a missile—is a force 
of some magnitude. Data have been calculated, 
based on cabin volume, size of orifice, and pressure dif- 
ferential, to show the length of time taken for the de 
compression and the force of the air stream. For the 
purposes of this discussion it suffices to relate that there 
are now a number of protocols of persons literally blown 
out of the aircraft when a hatch, an astrodome, or an 
observation window fails in both pressurized bombers 
and civil air transports. In every instance reported to 
this writer, the cause of the mishap has been attributed 
to structural failure and nonuse of a restraining belt by 
the person lost. 

The seriousness of the hypoxia following loss of cabin 
pressurization is, to any practical extent, dependent 
upon the altitude at which the mishap occurs. There 
is one solution, and one alone, and that is the rapid ad- 
ministration of oxygen to crew and passengers. The 
time of useful consciousness following decompression 
is shown in Fig. 4. 

For most practical considerations, these data also 
apply when oxygen is interrupted during flight at the 
ambient pressure. The time of useful consciousness 
under conditions of low oxygen pressure is thought to be 
so important that both Colonel Campbell (see page 50) 
and Dr. Luft discuss it in their papers. Of further in 
terest is the fact that the pilot of the Comet I wears his 
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TRENDS AND TRANSITION 
oxygen mask, although breathing air, during routine 
flights. One quick adjustment of the oxygen regulator 
produces 100 percent oxygen. 

The question of dysbarism (bends or related symp- 
toms) is not an important one in civil aviation at this 
time. Theoretically, decompression symptoms, such 
as ‘‘bends”’ and ‘“‘chokes,”’ could occur at '/2 atmosphere 
(18,000 ft.), but in actual practice relatively few people 
evidence symptoms below 30,000 ft., even after expo- 
sures of some duration. The likelihood of clinical 
evidences of dysbarism significantly increases as alti- 
tudes over 30,000 ft. are attained, and the exposure time 
need not be prolonged. Exercise greatly enhances the 
probability of acquiring symptoms at the higher alti- 
tudes (e.g., 40,000 ft). It is unlikely that commercial 
aircraft would remain at the higher altitudes upon loss 
of cabin pressurization, and only in war situations might 
military aircraft not want to descend. The time is 
coming, however, when descent to lower altitude might 
be critical, and that is the situation in transoceanic jet 
operations where there is loss of cabin pressure midway 
over the ocean. The fuel supply may very well call 
for the most delicate of compromises to safeguard the 
passengers yet permit flight at an altitude where fuel 
consumption is not disastrous. 

The problem of escape from a disabled aircraft at 
high speed and high altitude is distinctly a military 
problem but nonetheless acute. The ejection seat has 
been installed in most of the current jet aircraft, al- 
though there are a few exceptions. In the latter, es- 
cape is almost impossible at high speed. Even with the 
ejection seat, there are problems of rotation of the seat 
during descent and the pilot’s separation from it in the 
case of low-altitude bailout. In the ejection seats now 
employed, the pilot frees himself from the seat by open- 
He must then 
open his parachute, but he is instructed to release him- 


ing his safety harness after he is ejected. 


self from his seat as soon as possible and delay opening 
his parachute as long as possible to prevent fouling with 
the empty seat. Developments for some time now 
have been directed toward completely automatic opera- 
The 
mechanisms are designed to open automatically at 
20,000 ft. the lap belt that holds the pilot to the ejected 
seat, or in 3 sec. if below that altitude. 


tion after the pilot has triggered his ejection seat. 


When separa- 
tion has occurred, a static line from seat to parachute 
pulls the ripcord. This development is needed now in 
proved form. The physiological data are now available 
for downward ejection, and it has been concluded that 
human tolerance to negative g of short duration is in the 
range of 10-30g, lasting approximately 0.1 to 0.2 sec. 
This tolerance makes downward ejection feasible in 
certain type aircraft subsonic 


operating at speed 


and may well be the answer for certain jet bombers. 


THE PROBLEMS OF JET-TRANSPORT FLIGHT 


The problems of jet-transport operation are focused 
on flight at 40,000—-50,000 ft. more than on any con- 
sideration of speed in the range of 450-550 m.p.h. 


IN 
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In discussing the question of speed, first, it should be 
apparent that pilot error becomes more crucial and prob- 
ably more disastrous. Colonel Byrnes, in his paper 
on page 61, presents the reaction time in the visual proc- 
esses that illustrate the increasing significance of human 
reaction time. The short or overshot landing under 
marginal weather conditions is serious in jet operation, 
as is the failure to recognize every contingency that af- 
fects fuel consumption and fuel supply. 

In the still experimental flights of the jet transport, 
Comet I, there has been no passenger comment on in- 
creased g effects. This means that care is exercised to 
increase the radii of turns or to make turns at the lower 
feasible throttle settings. It is of interest to note that 
at 500 m.p.h., using a standard 3 deg. per sec. turn, an 
aircraft would be subjected to 1.56g and the radius of 
turn would be 2.65 miles. In passenger transportation 
at jet speeds, turns cannot exceed 1'/, deg. per sec., 
and the radius of turn will be correspondingly length- 
ened to avoid passenger discomfort. 

In flight at 40,000-50,000 ft., where jet transports 
must operate in the interest of fuel economy, the prin- 
cipal problem is that of explosive decompression and 
failure of cabin pressure. It is probable that the large 
cabin volume of jet transports in relation to the size of 
the orifice that might fail inherently will give protection 
to the aircraft occupants in terms of a more tolerable 
decompression. In other words, the time of decompres- 
sion will be prolonged. However, although the crew 
and passengers have avoided damage to their lungs and 
hollow organs, they are confronted with an acute oxygen 
deficiency. Reference is again made to Fig. 4, showing 
the time of useful consciousness at 40,000 or at 50,000 
ft. At the lower of these two altitudes, a person has 
about 30 sec. to obtain a source of oxygen; at 50,000 
ft., he has about 15-20 sec. Obviously this does not 
allow much time to search for an oxygen mask, make 
connections to an O» regulator, and adjust the regulator. 
It has previously been stated that the pilot of the 
Comet I wears his oxygen mask in flight, and the other 
crew members have theirs partially im situ for flights in 
the vicinity of 37,500 ft. The obvious answer for civil 
airline operation is a short briefing of the passengers on 
oxygen equipment ready for use, the crews to be as 
ready as the Comet I crew is currently. Rapid descent 
to lower altitudes will be required to prevent dysbaric 
symptoms in passengers and crew. Descent to alti- 
tudes below 10,000 ft. will probably be necessary to in- 
stitute resuscitation procedures on some of the passen- 
gers who failed to obtain their oxygen equipment rap- 
idly enough. 


THE AEROMEDICAL PROBLEMS OF THE Most ADVANCED 
FLYING OF THIS DECADE 


In discussing the human element in the operation of 
aircraft at great speed and at altitudes of 80,000—100,- 
000 ft., we are prone merely to consider the physiologi- 
cal limitations of man and start engineering design from 


this parameter. It would seem far more important and 
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G-FORCES ACTING UPON MAN AND AIRCRAFT FLYING IN 
A STANDARD 3°/SEC. TURN AT VARIOUS SPEEDS 
(TIME REQUIRED FOR FULL TURN 120 SECONDS) 


RADIUS 

SPEED STATUTE 

M. MILES SG 
100 0.53 1.03 
300 1.59 1.23 
500 2.65 1.56 
700 3.71 1.95 
3:00 4.77 2.48 

1,000 5.31 2.59 

1,500 7.96 3.72 

2,000 10.61 4.88 

Fic. 6. 


G-FORCES ACTING UPON MAN AND AIRCRAFT FLYING 
IN TURNS OF VARIOUS RADII AT VARIOUS SPEEDS 


SPEED RADIUS STATUTE MILES 
MPH 0S 1 2.0 =O 10.0 


1 1.00 1.00 1.00 
6) (452) (1131) (2262) 
2 


300 2.49 Vas 1.03 1.01 
(38) (75) (151) (377) (754) 
S500 641 3.32 1.87 1.18 Re 


100 
(113) 


(23) (45) (SO) (225) (452) 

7OO 1250 6.28 3.26 1.60 1.18 
(16) (32) (64) (161) (323) 

S00 2060 10.28 5.24 2.28 1.43 
(13) (25) (S50) (126) (251) 

1,000 12.70 6.41 1.61 
11) (23) (46) (113) (226) 

1,500 57.00 14.30 580 302 
(7 15) (30) (75) (151) 

2,000 10130 50.70 2540 1020 516 
(6) (11) (23) (57) (413) 


FIGURES IN BRACKETS INDICATE THE TIME IN SECONDS REQUIRED FOR 
A 360° TURN. 


Fic. 7. 


appropriate to design the aircraft and equipment to 
permit ‘‘full faculty’”’ performance by the air crew and 
not impose limitations or accept marginal human per- 
formance. Unfortunately, there are no data on man 
which systematically define and describe the additive 
effects of superimposed stresses in the combinations of 
their occurrence. Some information is available on the 
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effect of heat on g forces, and much has been written in a 
general way on fatigue as an additive factor without 
depiction of clearly defined decrements in performance 
of one type or another. Closely related data on human 
performance under conditions of multiple environ 
mental stresses are needed. 


It is now obvious that flight at altitudes in excess of 
80,000 ft. must be performed in sealed-cabin aircraft. 
Some data on air temperature after compression of air 
at varying altitudes are shown in Fig. 5. These data 
are well known to engineers, but to those of us without 
this type of professional knowledge it becomes apparent 
that the pressure cabin ceases to be feasible for truly 
high-altitude aircraft. The toxicity of ozone, found in 
increasing concentrations above 80,000 ft., is also a con- 
sideration at this time in favor of the sealed cabin. 
Since the sealed cabin represents a closed ecological 
system, there is no relation between inside and outside 
air, and only temperature and radiation will penetrate 
the cabin walls. The respiratory and other physiolog- 
ical requirements must be supplied and controlled 
from within the cabin. The sealed balloon gondola of 
the Piccard brothers and of Stevens and Anderson rep 
resents the prototype of this aircraft cabin. Exten- 
sive study and refinements in equipment are needed to 
determine the balance of respiratory gases, water vapor, 
and temperature in a closed ecological system. The 
method of maintaining cabin pressure should be studied 
extensively to obtain an optimum solution. The 
sealed cabin of the X-Sl used compressed nitrogen gas 
to maintain the cabin pressure, which dictated the con- 
tinuous use of an oxygen mask by the pilot. In all, 
the sealed cabin presents no completely novel human 
problems, but an extension of our current knowledge is 
required. 


The hazard (and the word is hazard) of explosive de- 
compression at extremely high altitudes is great indeed. 
Even following the explosive character of the decom 
pression, the onset of unconsciousness in about 15 sec. 
due to acute oxygen want dictates that a standby emer 
gency pressure suit be worn and that its pressuriza- 
tion be automatic and almost instantaneous. The U.S. 
Air Force has developed such a partial pressure suit with 
automatic inflation. This suit is essentially a tight 
fitting coverall, with a full head helmet and mask, which 
applies pressure through longitudinal capstans that in- 
flate. Good mobility is obtained in both the non- and 
fully inflated state. At best, however, this suit is a 
lifesaving equipment and could not well be tolerated for 
prolonged wear at high altitude. As an additional con- 
sideration, it does not give significant protection from 
dysbarism over any period of time. 


The “heat barrier’ is a new term in aeronautical 
language, and it might appear that this is a more for- 
midable phenomenon than the sound barrier. Pilots 
of high-speed test aircraft have reported “‘hot’’ cock- 
pits during speed runs. The solutions to the problem 
of aerodynamic heating are: (1) mechanical cooling of 
the cabin and (2) provision of personal thermal pro- 


tectio 
latter 
prote 
have 
oped. 
temp 
ancil 
the e 
show 
the 
jecte 
2,00 
pilot 
out 
imp 
turr 
posi 
fave 


— 

|_| 


TRENDS AND TRANSITION 
This 
latter process may be required to ensure complete pilot 


tection by means of air-conditioned clothing. 
protection as a standby measure. Air-cooled suits 
have been laboratory-tested and prototype items devel- 
oped. The means of permitting higher aircraft skin 
temperatures to develop and the functioning of much 
ancillary equipment at the high temperatures I leave to 
the engineers. 

The g forces acting upon man and aircraft flying in a 
standard 3 deg. per sec. turn at varying speeds are 
It is to be noted that at 1,000 m.p.h. 
the radius of turn is 5.3 miles, while the pilot is sub- 


shown in Fig. 6. 
jected to 2.6g. This is well within his tolerance, but at 
2,000 m.p.h. the same turn (3 deg. per sec.) puts the 
pilot at about the average blackout threshold through- 
out the entire turn. In Fig. 7, the very high g forces 
imposed on a pilot and aircraft flying at high speed in 
turns of short radii are shown. The use of the prone 
position for pilots has been studied but has not received 
consideration military 


favorable by designers and 


IN 
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planners. The anti-g suit has been found to be accept- 
able but gives limited additional protection (1.5g). 
Escape from supersonic aircraft is considered to be 
impossible without ejection, and it is agreed that full 
The 
ejection ‘capsule’ is much discussed in aeromedical and 
aeronautical groups, who believe it to be the ultimate 
answer to the problem of emergency escape at speeds 
over Mach 1. 


body protection from air blast must be given. 


There are no important factual data 
published pertaining to the use of this device. Human 
tolerance to rotational or spin forces about axes through 
the body must be determined prior to use of the ejection 
capsule, and it is conjectured that initial stabilization 
of the ejected capsule will be most difficult to attain. 
The location and force of the explosive charges required 
to free the capsule from the air frame, the energy needed 
for adequate ejection, and the descent characteristics of 
the capsule are of concern to aeromedical investigators. 
Some experimental progress is being made, but ques- 
tions are more numerous than answers at this time. 
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Atmospheric Characteristics of Greatest 
Human Significance in Aviation of the Next Decade 


COL. PAUL A. CAMPBELL, U.S.A.F. (M.C.) 
U.S.A.F. School of Aviation Medicine 


INTRODUCTION 


| tes PURPOSES OF THIS DISCUSSION, an arbitrary pre- 
diction has been tendered that, during the next de 
cade, civil passenger travel will be feasible up to alti- 
tudes of 50,000 ft. and that military flights to 100,000 
ft. will be possible. A second parameter of maximum 
just under the velocity of sound for civil travel 
and 2,000 m.p.h. for military travel—was also tendered. 
It is the purpose of this presentation to discuss the at- 
mospheric phenomena that will be encountered in such 
flights in relation to their biological implications. 

Knowledge of atmospheric characteristics has in- 
creased rapidly during the past few years, largely 
through the application of new physical instruments, 
sounding balloons, and rockets; the intertwining of 
many disciplines; and, above all, the mass effort of a 
large number of able scientists. 


speed 


Similarly, knowledge of biological stresses produced 
by environmental changes occurring as a function of 
altitude and speed has increased through advancement 
of the science of aviation medicine. This advancement 
is again the result of mass effort, new instrumentation, 
and the intertwining of many disciplines in a large num- 
ber of laboratories spread over most of the world. 


DISCUSSION 


The classic concept of the atmosphere is shown in 
Fig. 1. It is, of course, now well known that the situa- 
tion is not so simple and well defined; however, its con- 
sideration will afford a background for study of some of 
the most important variations. In Fig. 1, the transport 
and military aircraft are placed at their respective alti- 
tude ceilings. It should be noted that civil transport 
operating at a ceiling of 50,000 ft. is in an ambient at- 
mosphere of about 88 mm. of Hg or a little less than 
one-ninth the pressure at sea level; consequently, it is 
pressurized to about 10 Ibs. per sq. in., thus attaining an 
equivalent cabin altitude of 8,000 ft. with a little to 
spare for leaks, etc. 

The military aircraft shown at the ceiling of 100,000 
ft. is rocket-propelled. Its cabin is a sealed cabin. It 
is operating in an ambient atmospheric pressure of 8 
min. of Hg or less than 1/95 of 1 atmosphere of pres- 
sure. At this level almost 99 per cent of the bulk of the 
atmosphere lies beneath the craft. 
about the sealed cabin later. 


More will be said 


Presented at the Aviation Medicine Session, Twenty-First 
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Troposphere 


Let us turn first to the troposphere, (Fig. 2.) The 
importance of the troposphere lies in the fact that each 
and every aircraft must operate within it at some por 
tion of the flight operation. Aircraft must at least as- 

Within the troposphere 
lies more than 75 per cent of the atmospheric bulk and 
almost all of the weather. Its ceiling is the tropopause, 
which at times is poorly defined. Its upper contours 
The position of the 
tropopause varies with season and with latitude, as well 
as weather conditions and time of day. 


cend and descend through it. 


may occur in waves and folds. 


The visual barriers to flight occur within the tropos- 
phere as a result of its water vapor and aerosols. 
Clouds, fog, haze, rain, and their frozen counterparts 
present a visual hazard when aircraft operate within 
them. Weather build-ups, even to altitudes of 55,000 
ft., with their associated turbulence and icing can be 
encountered in the tropics. The atmospheric aerosols 
or particles of dust, carbon, sand, and salt also produce 
visual hazards in the lower regions of the tropopause 
but at times are encountered at moderate levels. 

Associated with the tropopause are the jet streams 
meandering around the globelike rivers, splitting and at 
times again merging, twining, and ebbing, with speeds 
varying from 60 to more than 300 m.p.h. The latitude 
at which they are encountered and their intensity, size, 
and shape vary with the season and, to some extent, 
longitude by longitude. In some areas, especially over 
high mountains, they may slow to a speed that renders 
them unrecognizable. The streams are not limited to a 
particular level but extend vertically with their core 
located at, or just beneath, the tropopause. In the 
Northern Hemisphere the core appears to range from the 
region of latitude 30° in the winter to latitude 55° in the 
summer. Certainly the jet streams will be used more 
and more for their boost effect as their positions and 
characteristics become more and more predictable. 

Any factor, such as a jet stream, which increases 
speed from point to point or lengthens travel potential 
through decreased fuel consumption per mile traversed 
may have biological, as well as commercial, implica- 
tion since it allows the peoples of the earth to mix more 
freely and thus disseminate diseases within their in- 
cubation periods—the period before recognizable symp- 
toms appear. 

Most of the known turbulence of the atmosphere is 
found within the troposphere, usually in the lower 
levels. Severe turbulence associated with jet streams, 
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however, has been reported, although definite correla- 
tion with the jet streams is still not completely con- 
firmed. 

The biological stress, hypoxia, resulting from lowered 
partial pressure of oxygen, which in turn is a function of 
decreased barometric pressure, has been the stress most 
extensively studied in the researches of aviation med- 
icine. 

The percentage of oxygen in atmospheric air remains 
at a level of approximately 21 per cent through the en- 
tire altitude zone of consideration. However, at about 
10,000 ft., barometric pressure is reduced to approxi- 
mately 522 mm. of Hg. As a consequence, there is a 
lowering of the oxygen pressure in the alveolar air to 
approximately 60 mm. and in the blood to a saturation 
of approximately 90 per cent. As about 96 per cent 
saturation is the normal average, little in the 
However, this 


yay of 
symptomis is produced even at this level. 
is considered to be the upper limit at which breathing of 
ambient air alone is not deleterious so long as night 
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visual efficiency is not a criterion. At increased alti- 
tudes, blood oxygen saturation falls off rapidly. At an 
altitude of 18,000 ft., oxygen saturation reaches about 
70 per cent, a level of deprivation serious enough to 
produce unconsciousness. 

Average time of useful consciousness! as a function of 
decreasing altitude is shown in Fig. 3. 

Spotchecking the figure, it can be seen that useful 
consciousness while breathing ambient air represents 
no particular problem until levels of over 15,000 ft. are 
reached. At 20,000 ft. it is still a matter of minutes 
until the advent of unconsciousness; at 25,000 ft., a 
little less than 3 min.; at 30,000 ft., 70 sec.; at 40,000 
ft., 23 sec.; and from 50,000 ft. upward, about 15 sec. 

To overcome oxygen deprivation resulting from de- 
creased atmospheric density, the following procedures 
may be utilized, as shown in Fig. 4. For the purpose of 
comparison, the first vertical bar depicts the situation 
if the airman is breathing ambient air. He shows no 
symptoms of oxygen deprivation before reaching a 
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Fic. 2. Variations of tropopause with season and latitude. Hatched area represents troposphere. 


level of 10,000 ft. At 18,000 to 20,000 ft. he may be- 
come unconscious. The second vertical bar shows 
that, by using 100 per cent oxygen delivered through a 
tightly fitted oxygen mask, he may increase his ceiling 
to the neighborhood of 39,000 ft. The third bar dem- 
onstrates a relatively small altitude gain to 42,000 ft. 
which can be produced by increasing the oxygen mask 
pressure to 12 in. of water (25 mm. Hg). This ceiling 
is about the limit we can expect from conventional 
oxygen systems alone. Above these levels, according 
to the fourth bar, pressurization of the immediate 
environment of the man becomes necessary. Cabin 
pressurization requires a compressor system and a 
sealed compartment. In the altitude range 70,000 
80,000 ft., the lower density of the atmosphere makes 
adequate compression uneconomical in terms of weight 
of the compressor. Above this altitude, as shown by 
the last bar, a sealed cabin must be employed. Such a 


cabin must have adequate initial pressure and must 


maintain it throughout the trip. Dr. Luft’s paper, on 
page 56 of this issue, gives further details in this area. 

The lowering of barometric pressure results in another 
biological effect, generally designated as ‘‘bends.”’ 
This pathological condition is due to the release of 
blood nitrogen into the body tissues and closed cavities. 
Although the occurrence of bends has certain of the as- 
pects of chance phenomena, it certainly is correlated 
with rapidity of ascent, altitude attained, and duration 
of stay at altitude. Symptoms may occur as low as 
23,000 ft. Maintenance of adequate pressurization 
answers the problem. 

Altitude is also associated with the biological stres- 
sor—cold. Speed is associated with the biological 
stressor—heat. Temperature falls with altitude, reach- 
ing approximately —55° C. at the tropopause. As 
shown in Fig. 5, there is little variation of the tempera- 
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Fic. 3. Time of useful consciousness in ambient atmosphere for various altitudes. 


ture range through the portion of the stratosphere be- 
tween the tropopause and the 100,000-ft. level. 

Ram temperatures increase roughly as the square of 
the speed of the aircraft. During flight in the higher 
speed craft, this factor much more than compensates 
for the low ambient temperatures. Turning to our 
original parameters, the temperature of the surface air 
would be of the order of 0° F. for the 50,000-ft., 600- 
m.p.h. craft, but 650° F. for the ram-air heating the 
surface of the 100,000-ft., 
craft. 


2,000-m.p.h. sealed cabin 


The ozone of the atmosphere’ occurs in appreciable 
quantities at altitudes of 60,000 to 100,000 ft. Its pres- 
ence is due to the photodissociation of the oxygen 
molecule O. into oxygen atoms by ultraviolet sunlight. 
If inhaled in sufficient concentrations, it is known to 
have toxic effects. Approximate concentrations of 
ozone as a function of altitude are shown in Fig. 


Units on the horizontal axis represent ozone density in 
the mid-latitudes in terms of centimeters per vertical 
kilometer of altitude if all were in a single layer. 
Compression of ozone into aircraft cabins could pre- 
sent human problems. The sealed-cabin type of air- 
craft, however, should afford the solution. The ozone 
layer of the atmosphere filters out by far the greater 
part of the more biologically deleterious bands of ul- 
traviolet light that aifects skin and eyes. 
tection is absent above the ozone layers. 


This pro- 


In conclusion a word must be said concerning heavy 
primary radiation of cosmic origin.* According to pres- 
ent knowledge, cosmic rays appear to be ultra-high- 
speed particles arising from undetermined extraterres- 
trial sources. They possess energy in excess of billions 
of electron volts, and at least some of the particles are 
capable of producing nuclear disintegration. Second- 
ary rays, tertiary rays, and mesons are produced after 
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Fic. 4. Methods of maintaining human oxygen requirements 
resent approximate ceiling that can be 1 


entrance into the atmosphere, sometimes resulting in 
cosmic-ray showers in the denser parts of the atmos- 
phere. Such activity, due to the filtration effect of the 
atmosphere, decreases as the earth is approached, and 
at sea level there is only about 0.03 of that present at 
the altitude of the ozone layer. The few cosmic rays 
that strike the surface of the earth are of sufficient 
velocity to penetrate several hundred feet into it.” 
There are still broad gaps in our knowledge of the bio- 
logical effects of the primary cosmic particles; however, 
one must expect them to act somewhat similarly to 
radiation of the alpha particle type—that is, quick 
energy dissipation with high concentrations of ion 
pairs along short tracks. 

Definite assessment of this problem must await con- 
siderable study; however, in light of present knowl- 
edge,’ it can be stated with an acceptable degree of 
certainty that flights below 60,000 ft. will present no 


t varying altitudes. Lower borders of dark bars rep- 
iched by different procedures 


serious hazard and, with minor reservations, that flights 
between 60,000 and 100,000 ft. of the brief durations 
that can be expected during the next decade will prob 
ably be without unusual biological effects from cosmic 
Tays. 
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Physiological Aspects of Prolonged Flight at High 


Altitudes and Survival in Emergencies 


Ulrich C. 


U.S.A.F. School 


INTRODUCTION 


lg ORDER TO ENSURE the most effective and economical 
integration of protective devices and emergency 
equipment in aircraft design, it has been necessary to 
make specific studies of the nature of physiological 
limitations imposed by the unusual environmental 
conditions to be encountered. 

Before entering into the special aspects involved, it is 
appropriate to emphasize significant differences that 
must be observed in the judgment of biological data, in 
general, as compared to those pertaining to physics and 
engineering. The first is the astonishing degree of in- 
dividual variation in tolerance to stress of any kind. 
The second, closely related to the former, is the rela- 
tively wide range of adaptability within the individual 
to conditions that are on the borderline of physiological 
competence. Whereas precise knowledge of the range 
of human tolerance is essential where the realization of 
physiological adaptations may mean the difference be- 
tween life and death in emergency situations, it would 
be a grave mistake to encroach upon these faculties in 
the routine operation of aircraft. Even minor physio- 
logical compensations in response to heat and cold, to 
the effects of altitude, or to the forces of acceleration, 
inevitably detract from the individual's vital reserves, 
leaving him more susceptible to other forms of stress 
and hastening the onset of fatigue. From this point of 
view, the design of compartments for crew and pas- 
sengers on extended flight at high altitude must be in- 
tent upon maintaining conditions compatible with 
mental and physical integrity of the occupants for an 
indefinite period of time. In addition to this, the best 
possible precautions must be taken to contend with 
emergencies whereby physiological tolerance may have 
to be exploited to the utmost for a limited period of 
time. 


TEMPERATURE AND HUMIDITY 


It has been established for widely different occupa- 
tional activities that the best physical and mental per- 
formance is obtained when the environment is con- 
trolled within a limited range of temperature and 
humidity. Fig. 1 represents the “‘comfort zone”’ for an 
average group of individuals living in a temperate cli- 
mate in sedentary activity.!. This area is naturally 
subject to change according to the state of activity and 
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the amount of clothing. In general, however, tempera- 
tures of less than 15° C. are uncomfortable regardless of 
the humidity, while, at temperatures above 20° C., 
comfort is definitely affected by the relative humidity. 
For the sake of simplicity, the effective environmental 
temperature has been expressed as air temperature in 
this graph. Strictly, this holds only in the absence of 
air movement or loss of heat by radiation. The latter 
component may become disturbingly perceptible, for 
instance, in an aircraft ventilated with warm air while 
the walls remain close to outside temperature, thus 
producing a gradient for heat loss by radiation from the 
body if thermoinsulation of the compartment is inade 
quate. 

Until recently, the air conditioning of high-altitude 
craft has been concerned primarily with a heating prob- 
lem in view of the low ambient temperatures. The 
high speeds developed by jet- and rocket-propelled air- 
craft now confront the aeronautical engineer with the 
task of protecting the occupants against the high tem- 
peratures produced on the surface of the ship by impact 
and friction of air at high velocities, the so-called aero- 
dynamic heating. Fortunately, conditions are some- 
what more favorable at extreme altitudes due to the re- 
duction of heat transfer with lower air density. Cer- 
tainly, refrigeration will be necessary when supersonic 
speeds are sustained long enough to produce a tempera- 
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Fic. 1. Conditions of comfort and best performance as re- 
lated to temperature and relative humidity of the environment 
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ture equilibrium in the aircraft. Critically high tem- 
peratures are also generated by the compression of am- 
bient air at high ratios required in the cockpit or pas- 
senger compartments. In an aircraft flying at 60,000 
ft. with a cabin pressure of 10 pounds per sq.in. abso- 
lute, the air temperature at the compressor outlet will 
be approximately 250°C.” Failure of the cooling sys- 
tem would immediately expose the occupants to intol- 
erable heat. The tolerance time for extreme heat at an 
average humidity of 30 per cent®*? is shown in Fig. 2. 
The experiments reported by Blockley, Taylor, and 
Buettner were terminated at a point where definite 
signs of heat exhaustion, such as nausea and mental 


dullness, occurred and collapse was imminent. 


CABIN PRESSURE 


The necessity for the use of pressurized cabins to pro- 
tect crew and passengers from the effects of low baro- 
metric pressure has been generally accepted by civil and 
military aircraft today. 

From a physiological point of view, it would appear 
desirable to provide the aviator with a cabin environ- 
ment that resembles conditions on the earth’s surface as 
closely as possible in complete independence of altitude 
and duration of flight. In practice, a compromise must 
be made in the choice of cabin pressure, depending upon 
the type of aircraft and its mission, in due consideration 
of technical-structural expedience and _ physiological 
requirements. The latter are based upon extensive 
aeromedical research and practical experience regarding 
the essential partial pressure of oxygen in the inspired 
air and the minimum total pressure necessary to pre- 
vent manifestations of decompression sickness, such as 
bends, chokes, etc. 

Three typical situations may serve to illustrate this. 
If the use of individual oxygen equipment is undesirable 
or impracticable, the absolute cabin pressure should not 
be less than 10 pounds per sq.in., which is equivalent to 
an altitude of 10,000 ft. (Fig. 3, A). This provides an 
oxygen pressure of about 100 mm. Hg in the inspired 
air that is saturated with water vapor at body tempera- 
ture when it enters the lungs. Where supplementary 
oxygen is used, the cabin pressure may be reduced to 
6; pounds per sq.in. without embarrassment by decom- 
pression sickness for an indefinite period of time (Fig. 
3,B). The third column in Fig. 3 indicates that a mini- 
muin pressure of 3 pounds per sq.in. is tolerable pro- 
vided that pure oxygen isinhaled. This situation, how- 
ever, will result in a high incidence of bends unless the 
occupants have had opportunity to eliminate most of 
the gaseous nitrogen from their blood and tissues by 
breathing oxygen for a considerable time before take-off 
or in preceding phases of the flight. Obviously, the 
last case is not applicable to civil aviation and will be 
limited to emergencies in military aircraft. 

It is noted that the figures given here for minimum 
cabin pressures are in terms of absolute pressure regard- 
less of flight altitude. The pressure differential ex- 
erted upon the walls of the cabin and the pressure ratio 
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Fic. 2. Tolerance time under conditions of extreme heat at 


an average humidity of 30 per cent in light clothing (after Block- 
ley and Taylor, Buettner). 
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Fic. 3. Minimum cabin pressure (absolute) for occupants 
breathing air (A) using oxygen equipment to maintain an ade- 
quate partial pressure of oxygen at a cabin pressure sufficient to 
prevent decompression sickness (B) and when inhaling pure oxy- 
gen. (C) Equivalent altitude and the partial pressures exerted 
by water vapor at body temperature of nitrogen and oxygen 
are indicated for each column. 


required of the compressor system then become func- 
tions of altitude. These variables are related graphi- 
cally in Fig. 4 by plotting cabin pressures and equivalent 
altitudes against ambient atmospheric pressure and 
flight altitude. Ascent without cabin pressure would 
follow the diagonal at a 1:1 ratio. The verticals A, B, 
and C correspond to the three columns in the previous 
graph and represent isobaric conditions in the cabin for 
10 pounds per sq.in., 6 pounds per sq.in., and 3 pounds 
per sq.in., respectively. The pressure differential and 
compression ratio for any flight altitude is found at the 
intersect with the desired cabin altitude. It has al- 


ready been mentioned that compression of ambient 
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sponding to the columns in Fig, 3. 


air by mechanical means becomes impractical at al- 
titudes above 60,000 ft. because of the excessive pres- 
sure ratios required. A compression of 25:1 would be 
necessary to maintain 10 pounds per sq.in. in a cabin at 
80,000 ft. For these conditions, a self-sustaining source 
of pressure must be incorporated into a completely 
sealed cabin, a situation that involves further physiolog- 
ical problems, such as the continuous replacement 
of oxygen consumed and the elimination of excess water 
vapor and carbon dioxide generated by the occupants. 
The question again arises in this connection whether 
individual oxygen equipment should be employed, thus 
making the aviator independent of the composition of 
cabin air, or, whether for reasons of comfort and free- 


dom of movement, the entire cabin environment should 
be regenerated following the principle used in subma- 
rines. 


SUDDEN DECOMPRESSION 


So far, we have emphasized the advantages of main- 
taining a high cabin pressure, both for physiological 
reasons and for the convenience of obviating oxygen 
equipment in aerial travel at high altitudes. It must 
not be overlooked, however, that the higher the existing 
pressure ratio, the greater are the hazards encountered 
in the event of sudden loss of cabin pressure due to me- 
chanical failure or enemy action, particularly when oxy- 
gen is not instantly available. 
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Fic. 5. Pressure volume diagram of chest and lungs indicating 
danger of rupture under high pressures when the lung is distended ® 


It is important to distinguish between the immediate 
physical-mechanical eifects of rapid or explosive de- 
compression and the results of exposure to extreme lack 
of oxygen. The severity and possible dangers of the 
physical impact of decompression depend upon the 
magnitude of the pressure change and the rate of de- 
compression. Gases that are present in body cavities 
immediately tend to expand in proportion to the loss in 
ambient pressure. Where this tendency to expand is 
contained and the escape of gas is obstructed, excessive 
pressures may result. This applies to the intestinal 
tract, which contains gas at all times, and particularly 
to the lungs. The latter are more susceptible to pres- 
sure due to the delicate structure of pulmonary tissue. 
The following diagram ° (Fig. 5) describes the pres- 
sure-volume relationships and physical tolerance of the 
mammalian lung when subjected to increasing negative 
and positive pressures. Pulmonary damage is immi- 
nent whenever pressures of more than SO-100 mm. Hg 
occur and the lung is distended beyond its normal ca- 
pacity. The results may be a traumatic pneumothorax 
and also aeroembolism into the blood vessels. For- 
tunately, such an event is to be expected only under the 
most extreme conditions of explosive decompression 
when the escape of gas is obstructed—e.g., by “‘breath- 
holding.” 

Much of the original apprehension regarding the 
dangers of rapid decompression has been dispelled by 
practical experience obtained in low-pressure chambers 
where decompression under adverse conditions has been 
well tolerated as fast as |, sec. This hazard may be 
further reduced by protective garments to restrict over- 
expansion of the chest in decompression.’ 

While the mechanical eifects of decompression will 
seldom be incapacitating, the menace of coincident 
hypoxia becomes the most formidable single factor with 
increasing operational altitudes. Fig. 6 presents ex- 
perimental data on the time of consciousness following 
loss of cabin pressure when breathing air (lower curve) 
and when breathing pure oxygen at various flight alti- 
tudes. Both curves converge toward a minimum of 


AT ALTITUDES 59 
60 + T T T T T T 
| | 
| 
55+ 1 
SOF 4 
OXYGEN 
4 


thousand feet ——> 
ro) 


| 
4 
| 


4 


20 40 60 80 100 120 140 160 180 


seconds ——> 


Fic. 6. Time to unconsciousness due to hypoxia on sudden 
exposure to high altitude by loss of cabin pressure. Lower 
curve: breathing air. Upper curve: breathing oxygen. 
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Fic. 7. Photoelectric recording of blood oxygen saturation 
(oximeter) during and after rapid decompression from 33,000 
to 52,500 ft. breathing pure oxygen. Recompression was per- 
formed at the onset of unconsciousness: 16 sec. Lower graph 
presents similar procedure but with recompression after only 8 
sec. exposure to 53,000 ft. Unconsciousness occurred after re- 
turn to 33,000 ft. with adequate oxygen. 


about 15 sec. at 50,000 ft. This short period evidently 
represents a latency or free interval which can be ex- 
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Fic. 8. Family of curves originating at altitudes from 48,000 to 55,000 ft. shows rate of descent required to avoid un 
consciousness after loss of cabin pressure when breathing oxygen.* 


plained partly by the time required for blood to travel 
from the lungs to the brain and partly by energy re- 
serves in the cerebral cells. The reproduction of an 
original experimental record allows an analysis of the 
course of events (Fig. 7). The lower record also dem- 
onstrates that unconsciousness occurs after the said 
free interval, even though the exposure to an altitude of 
53,000 ft. lasted no longer than 8 sec. An aviator 
stricken by sudden loss of cabin pressure at this altitude 
would have to execute a power dive at the speed of 
sound in order to reach safe altitudes with oxygen be- 
fore loss of consciousness.* (Fig. 8). This example serves 
to stress the necessity of emergency equipment such 
as a pressure suit that is automatically controlled to 
become effective within a few seconds. Such an emer- 
gency pressure garment has been developed to meet 
these requirements by the Aeromedical Laboratory of 
the Air Force and has recently been described in the 
press. It has been tested successfully in the low-pres- 
sure chamber at altitudes well exceeding those attained 
in the record-making high-altitude flights during which 
the partial pressure suit was worn. 


ESCAPE FROM AIRCRAFT 


The hazards of escape from aircraft traveling at high 
speed have lead to the development of the ejection seat 


designed to propel the aviator clear of the fuselage anc 
its protuberances either in upward or downward direc- 
tion. 


New physiological problems have arisen in this 
area regarding human tolerance to high accelerative 
forces experienced during ejection and to wind blast 
and deceleration encountered in the slipstream, and, 
subsequently, in the opening shock of the parachute. 
Practical experience with the ejection seat in its present 
form gives confidence that it can be used for escape 
from aircraft at velocities up to Mach 1. The possi- 
bility of injurious effects resulting from wind blast and 
deceleration in separation at supersonic speeds will prob- 
ably necessitate more complete protection of the man 
by enclosing him in a capsule or pod with more favor 
able aerodynamic qualities. 


CONCLUSION 


Steady, if laborious, progress is being made in phys 
iological research to meet the challenge presented by 
the technical advancements in operational speed and 
altitude. Each new type of aircraft poses its own pe- 
culiar problems regarding safety of passengers and crew. 
In many instances common solutions can be found for 


(Concluded on page 68) 
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Vision 


at High Speed and Altitude 


COL. VICTOR A. BYRNES, U.S.A.F. (M.C.) 
U.S.A.F. School of Aviation Medicine 


INTRODUCTION 


as PRESENTATION is concerned with those visual 
problems produced by high altitude and high 
speeds. We must therefore know the specific altitudes 
and speeds being considered. For the purposes of this 
presentation the following ranges are believed to be 
realistic limits for the next decade: 

Speeds.—Civil air transport; just subsonic. 
tary aircraft; up to 2,000 m.p.h. 

Altitude-—Civil air transport: actual altitude not 
over 50,000 ft.; cabin altitude 8,000 ft. Military air- 
craft: actual altitude 100,000 ft.; cabin altitude 37,000 
ft., maximum. 


Mili- 


ILLUMINATION 


The visual problems to be encountered will be those 
produced by the physical environmental factors present. 
Of these the light present will be an important consid- 
eration. We must know the type and amount of light 
present and the distribution of that light at various 
altitudes. 

The sun produces light in all wave lengths, but the 
intensity of this light is very small above 2,100 milli- 
microns or below 50 millimicrons. All wave lengths 
are filtered somewhat by the atmosphere of the earth 
some much more than others. The illumination in 
space is about 13,600 foot-candles. At the surface of 
the earth on a clear day it is about 10,000 foot-candles. 
In addition to this general atmospheric attenuation, 
The ul- 
traviolet light in wave lengths up to 200 millimicrons is 
filtered out by dissociated oxygen 400,000 ft. and above. 
The 200-300 millimicron band is filtered out by the 
ozone layers. There are usually about two such layers 
one around 70,000 ft. and the other around 120,000 ft. 
Above 120,000 ft., the concentration of these ultravio- 
This band includes 
the 288-292 millimicron band that is extremely damag- 
It is the wave length band that pro- 
duces the severe kerato-conjunctivitis associated with 
At 100,000 ft., these wave lengths present 
problems not much more severe than at ground level. 
However, if flights are contemplated above 120,000 ft., 


certain wave lengths are filtered selectively. 


let wave lengths increases rapidly. 
ing to the eye. 


welding. 


Presented at the Aviation Medicine Session, Twenty-First 
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it will be necessary to make sure that pilot and passen- 
gers have eye protection against these wave lengths. 

Thus, at altitudes up to 100,000 ft., we have quali- 
tatively the same kind of light we have at ground level, 
but quantitatively we have a progressive slight increase 
with increasing altitude. Above 40,000 ft., the amount 
of this increase will be slight. 

The distribution of the light changes continuously as 
one ascends. Light is scattered by molecules of air, 
dust particles, and moisture. This makes the sky look 
bright and gives the scattered light that enables one to 
see objects well even when sunlight does not fall directly 
on them. 

The greater the altitude, the fewer particles present 
in the air, and thus there is less scattering. The sky 
appears darker, and there is less light on the instruments 
and inside the cabin. Contrasts inside airplanes be- 
come extremely large. Measurements may show a 
ratio of 1 to 60,000 or more between the brightest and 
the dimmest portion of an exposed area. However, 
the sky does not get black as fast as the science fiction 
articles suggest. For example, one must get to 300,000 
ft. or above to reduce the brightness to that of a moon- 
lit sky. The problems presented by this distribution of 
light can be considered, then, under three headings: 

(1) What can the pilot see so far as other aircraft 
are concerned ? 

(2) What can the crew see inside the cockpit? 

(3) What can the passengers see inside the cabin ? 

The pilot problem with regard to seeing other air- 
craft is intensified. If the other aircraft is seen as a 
dark silhouette against the dark sky, it will obviously 
be more difficult to distinguish than at ground level. If 
seen by specular reflection, it may be seen from extreme 
Unless it 
is in a position to reflect like a mirror, however, it may 


distances because of the extremely clear air. 


be difficult to see even though the sun is shining on it 
This is true because there is little scattered light to illu- 
minate the plane, and, again, it may still only be seen as 
a dark silhouette against the sky. 
problem for the military pilot at our present operational 
altitudes. It will become more acute at the higher 
ones. 


This represents a real 


Under these conditions of reduced sky brightness, in- 
strument visibility is reduced. 
true of recessed instruments. 


This is particularly 
It is made even worse 
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when the sun is shining on the nose or wind screen. 
The individual is then trying to discriminate instru- 
ment markings when there are brighter objects in his 
visual field. Such visual discriminations are always 
difficult to make. One sees best when the item of re- 
gard is a little brighter than its surrounding area. The 
solution to this problem probably lies in low reflectance 
coating on the nose and other exterior portions of the 
aircraft within the field of view and the use of light- 
reflecting paints in the cockpit to reflect the light that 
is present on the instruments. Also of benefit would 
be the use of high-intensity instrument lighting and, 
under some circumstances, use of specially shaped filters 
worn in front of the eyes to equalize the external bright- 
ness and that of the instrument panel. 

The passenger problem is essentially one of inability 
to see well because of the dim light from the sky. In- 
teriors must be extremely light to reflect the light that 
does enter. Brighter and better dispersed cabin il- 
lumination will be required for both reading and general 
illumination. 


HYPOXIA 


If the criteria as set forth at the beginning of this 
paper are met, there should be no problem of vision 
produced by the lowered oxygen tension. The civilian 
air liner pressurized to a cabin altitude of 8,000 ft. will 
have no decrease in visual function other than a slight 
decrease in night vision. If the military aircraft is 
pressurized to 37,000 ft. and the pilot is breathing pure 
oxygen, this would be equivalent to about 8,000 ft. 
without oxygen. Again, he should have no defect in 
his visual function other than a slight decrease in night- 
vision ability. It should be recalled that the retina has 
the highest oxygen demand of any body tissue, and, 
therefore, it might well be expected to show the first 
effect of oxygen lack when the retina is operating at its 
maximum ability. This decrease in function is most 
easily measured when very dim light is used. 


DyYSBARISM 


The effects of lowered barometric pressure on the 
eyes will not become apparent at the 8,000-ft. cabin 
level of the civilian air liner. However, at the 37,000- 
ft. cabin level of the military aircraft, the decompres- 
sion phenomena may occur. These are usually due to 
vascular spasms with decreased blood supply to por- 
tions of the visual apparatus. As a result, certain 
portions of the visual field are nonfunctional, and per- 
sonnel may have blind areas, often accompanied by 
severe generalized symptoms. This whole problem of 
dysbarism will require consideration in flights to these 
extreme altitudes. An explosive decompression would 
increase this problem. 


HIGH SPEEDS 


Assuming that speeds of 2,000 miles per hour may be 
attained within the next 10 years, the pilot of such craft 
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will be faced with visual problems produced by a dif- 
ferent type of airflow, by slanting optical surfaces, by 
vibration, by acceleration, by temperature, and espe- 
cially by the lag in human visual perception time. In 
case of structural failure, he is faced with the possibility 
of being ejected into the air at high speeds with the 
further possibility of injury to his eyes by air blast. 
These problems will be considered under the following 
headings: (1) slanting optical surfaces, (2) visual dis- 
tortion due to shock waves, (3) vibration, (4) lag in 
visual perception, (5) acceleration, (6) temperature, and 
(7) high-speed escape. 

Bodies moving faster than Mach | have a wave built 
up in front of them. At Mach 1, this wave front is al- 
most straight, lies rather far ahead of the moving body, 
and is not very dense. As speeds become faster, the 
wave forms a more and more acute angle over the nose 
of the body and becomes denser. 


Effect of Slanting Optical Surfaces 


In order to permit supersonic flight, the aircraft must 
be free of any projections and, therefore, optical sur- 
faces must be slanted to produce the least possible drag. 
Bjornstad!' studied this problem and found that cur 
rently produced bulletproof plate glass with a nesa 
coating could be slanted to an angle of 70° without 
producing measurable change in visual acuity or depth 
perception. The slant did not produce any measurable 
distortion and produced less than 3 min. of deviation. 
The simple displacement of images produced by slanting 
surfaces in which emergent rays are parallel to incident 
rays is not important. Chapanis and Schachter’ 
showed that large angles impair depth perception in 
distorted glass less if tilted forward or backward rather 
than around a horizontal axis. The main effect of dis- 
tortion of windshield glass is on binocular clues of depth 
perception. The nesa coating used to defrost the wind- 
shield would not be required at supersonic speeds but 
might be useful at slower speeds. It was shown to have 
no adverse visual eifects.! 


Visual Effects Produced by Shock Waves 


Visual effects produced by the shock waves them- 
selves are a problem. The air in these waves being 
optically denser than normal air produces a deviation 
of light rays with an apparent displacement of objects 
from their true position. Walchner and Rambauske* 
studied this phenomenon and demonstrated that it is 
not a theoretical concept but that it actually occurs. 
Its extent is small. It will, however, be a difficult one 
for which to compensate because it varies with the speed 
between Mach 1 and Mach 4 and is entirely absent 
below Mach 1. The flow of the air in the compression 
wave will obviously not be absolutely homogenous. 


Vibration 


Vibration has been a rather popular subject in arti- 
cles on supersonic speeds in the press. The spectacular 
effects produced by ultrasonic generators have been 
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shown. 


Actually, no vibrations of intensities great 
enough to harm human eyes have been produced by 
either jet-or rocket-propelled craft. One effect vibra- 
tion may produce on the eye is resonation at its own 
frequency of about 40 cycles per sec. This low-fre- 
quency vibration will blur vision. Actually, such reso- 
nance is much more readily produced by vibrations of 
10 to 40 cycles or 60 to 90 cycles than by high-frequency 
vibration. Flight reports of supersonic speeds state 
that transient blurring of vision is experienced as the 
This is probably due to buffeting 
by the mixed airflow in the transonic speed range. 


barrier is passed. 


Lag in Visual Perception 


The length of time between an actual occurrence and 
the time an individual sees it depends upon the length 
of time required for light to reach the eye and the con- 
duction time in the visual pathways and brain tracts. 
The speed of light is so fast that as a factor it can be 
ignored. The lag in the visual mechanism, however, is 
appreciable and at supersonic speeds is important. 
Strughold‘ has recently reviewed the literature on these 
conduction times, and Noell and Chinn’ obtained simi- 
lar figures in electroretinographic and electroencephalo- 
graphic studies. 

This perceptual latent time covers the period required 
to stimulate the receptor, conduct the nerve stimulus 
over the centripetal pathway, and reach an excitation 
Recognition time, decision to act, 
and motor impulses to muscles must all be added before 


level in the cortex. 


reaction occurs. The latent period of perception varies 
with the intensity of the stimulus, the part of the retina 
stimulated, and the characteristics of the individual, 
including his state of attention. This latent perceptual 
period may vary from 0.035 to 0.300 sec. 

These sensory conduction times are of importance at 
supersonic speeds because of the distances traveled 
If an individual is flying 1,800 m.p.h. 
(Mach 2.39 at sea level), he is traveling 2,640 ft. per 


during them. 
sec. or roughly a mile every 2 sec. If an object sud- 
denly appears in his peripheral field of vision, he will 
not be aware that there is an object present for about 0.1 
sec. During that time, his aircraft will have moved 
264 ft. 
an eye muscle movement of predetermined distance. 


In order to see the object clearly, he must set up 


This will require about 0.175 sec., during which time his 
plane will have moved 462 ft. The actual movement of 
his eyes (about 25°) will require an additional 0.050 
sec., during which he moves another 132 ft. His visual 
axis is now fixed on the object he wishes to see, but 
foveal perception time will add another 0.070 sec. with 
another 185 ft. Thus, from appearance in the peri- 
pheral visual field until the object is seen by central 
vision, about 0.400 sec. will have elapsed and the air- 
craft will have traveled 1,042 ft. The individual has 
not yet recognized the object, he has only seen it. Rec- 
ognition time varies between 0.650 to 1.50 sec., so an 
average would probably be | sec.; during which time 
an additional 2,640 ft. will have been traveled, making a 


total from appearance to recognition of 1.400 sec. and 
the distance 3,682 ft. This does not include the time 
required to make a decision to do something about it or 
the motor reaction time required to move the control 
surfaces. Assuming such motor reaction time to be 
about 0.400 sec., this would add another 1.042 ft. for a 
total distance from extrafoveal appearance to control 
movement on the aircraft of 4,724 ft. Thus, it is ob- 
vious that, if two aircraft emerged from clouds 3,000 ft. 
apart coming toward each other, they would collide 
If they 
came out of clouds head on at a distance of 590 ft., they 
would collide without either pilot having seen the other. 


before either pilot could do anything about it. 


Speed of accommodation becomes an important fac- 
tor in looking down at the instrument panel and then 
back to distance. Since accommodation is a smooth 
muscle phenomenon, it is relatively slow in comparison 
to movements of the striated extraocular muscles. For 
example, in deciding to look at the instrument panel, a 
muscle movement of predetermined extent requires 
0.175 sec. (462 ft. at 1,800 m.p.h.) for establishment of 
the reflex. The eye movement itself requires 0.050 sec. 
(132 ft.). Accommodation may vary from 0.15 to 1.2 
sec., so an average of 0.5 sec. would allow travel of 1,320 
ft. Foveal perception requires 0.070 sec. (185 ft.) and 
recognition, since the material is familiar, requires 0.800 
sec. (1,952 ft.). Then to look back again to distance, 
the requirements are: reaction time, 0.175 sec.; eye 
movement, 0.050 sec.; relaxation of accommodation, 
0.50 sec. (may vary from 0.39 to 0.82); and foveal per- 
ception, 0.070 sec. This would give a total time from 
clear distance vision, to reading a dial with recognition, 
and returning to clear distance vision of about 2.39 sec., 
during which the plane would cover 6,336 ft. Actually, 
some of these functions occur simultaneously so that 
the time in a young individual will be shorter, about 1.5 
sec., or a total distance of 3,960 ft. It is because of 
such problems that maximum readability of instrument 
dials is necessary and has recently received so much 
study. One present effort to have all dials with point- 
ers reading horizontally and forming a line when the 
aircraft is performing normally is obviously justified. 
Time of accommodation increases with age and may be 
doubled in a man 50 years of age as opposed to one of 
25 years. This fact is important when pilots are selec- 
ted for these high-speed craft. 

In two aircraft approaching head on, the distance at 
which planes can be identified is important. Assume 
that the pilot has 20/15 vision that enables him to dis- 
criminate a visual angle of 45 sec. of are. An F-SO fuse- 
lage will just fill this angle at a distance of 4 miles. The 
pilot may see a speck in the sky at distances greater 
than this but will be unable to discriminate its details 
more than 4 miles away. If both aircraft are flying 
1,800 miles per hour, neither pilot will have more than 
4 sec. from maximum point of recognition to collison. 
Subtracted from this time must be that of the latent 
perceptual times mentioned above. In addition there 
is the problem of abruptly changing the course of a 
fast-moving aircraft with its strong gravitational (g) 
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forces. At these speeds, then, there will be almost no 
time for the use of offensive or defensive armament as 
we have known it in past wars. 

Recognition of unexpectedly seen objects may re 
quire more time, and thus the aircraft would cover more 
distance than in examples given above. These latent 
perceptual times become important in flying supersonic 
craft. They are one of the good reasons for installation 
of electronic devices that can react much faster than 
man to control the aircraft. 


Acceleration 


Angular accelerations occur in aerial movements such 
as a pull-out from a dive or in a turn. In a pull-out 
from a dive, the individual is forced down into his seat 
and may experience a force on the seat equivalent to 
many times his real weight. If this force is equivalent 
to four times his body weight, it is referred to as 4g’s 
or four times the pull of gravity. In straight and level 
flight, there is a force of lg on the seat. Higher ¢ 
forces produce their stresses throughout all the body 
tissues. At 7.5g’s, for example, blood has the weight of 
molten iron. Pull-out from a dive produces positive g 
(head-to-seat force). In an outside loop (seat-to-head 
force), negative g is produced. Physiologic effects are 
complex and are not primarily ophthalmologic in na- 
ture; however, the symptoms that temporarily inca 
pacitate the individual (blackout) are eye symptoms. 


In head-to-seat forces (positive g) the blood is forced 
away from the head. When cerebral systolic pressure 
falls below 20 mm. of mercury, the retina becomes is- 
chemic because the intraocular pressure now exceeds the 
vascular pressure and it collapses the arterioles. This 
ischemia produces a reduction first in the nasal field 
which then spreads entirely across the visual field until 
central vision is lost. The onset of this ‘‘greying-out”’ 
can be noted by the average observer at about 3—4g’s. 
He “blacks out,’ on the average, at about 4—5g’s.® 
Anything that can be done to raise the vascular pressure 
in his eyes will increase his g tolerance. This can be 
done by suits exerting pressure on his legs and abdomen 
to reduce pooling of blood. Such suits can raise g toler- 
ance in the average individual 2.3¢g’s above his non- 
protected tolerance. Tolerance to g force can also be 
raised by shortening the heart-to-eye distance by crouch 
ing or by assuming the prone position. The prone 
position shortens the heart-to-eye level distance about 
one-half and increases tolerance to about 12g’s. 


This visual phenomenon is an extremely limiting fac- 
tor, then, in sharp turns in aircraft. Forces of 6g’s will 
black out practically every upright observer unless he is 
wearing a good g-suit. Turns that produce 6g’s at 
various speeds were, therefore, computed to give an 
idea of the limiting effect that this phenomenon has on 
high-speed flight. Turns of the following radii would 
each produce 6g’s. 

250 m.p.h. 686 ft. 


500 m.p.h. 2,740 ft. 
750 m.p.h. 6,170 ft. 


1,000 m.p.h. 
1,500 m.p.h. 
2,000 m.p.h. 


11,132 ft 
25,074 ft 
44,530 ft 


AERONAUTICAL ENGINEERING REVIEW—APRIL, 19538 


Thus, at a speed of 2,000 miles per hour, the pilot 
could not turn a circle smaller than 18 miles in diameter, 
unless wearing a good protective suit or assuming a posi- 
tion other than upright, without being blacked-out all 
the way around the turn. Aerial combat under such 
conditions would be extremely difficult. 


Temperature at Supersonic Speeds 


It has been estimated that an aircraft traveling at 
2,000 m.p.h. would develop a surface temperature 
about 600°C. In order to operate such craft, efficient 
refrigeration apparatus would have to be used. In the 
event of failure of such refrigeration, the eyes could 
withstand air of at least as high a temperature as a 
human can breathe, which is about 240° F. (116° C.). 
Individuals can withstand such temperatures and func 
tion for about 15 min. Absolute limit of tolerance at 
240° F. is about 23 min.® 


High-Speed Escapes 


Aircraft flying at very high speeds will be subject to 
mechanical failure. No ejections of individuals from 
aircraft traveling at supersonic speeds have yet been 
reported. However, individuals have been subjected 
to air blasts of 530 m.p.h. for short periods up to 2 sec. 
without damage to the eyes,’ and there have been es 
capes from aircraft at over 500 m.p.h. The human 
body free in air slows down to much lower speeds within 
a short period of time. In these escapes, the eyelids 
are forced open, but no resultant damage has occurred 
to the eyes themselves. The exact point of tolerance 
has not been determined, but it is probable that tearing 
of facial tissues would occur at speeds much higher than 
530 m.p.h.s At supersonic speeds, individuals will 
probably require ejection in some type of protective 
capsule. 


DISCUSSION 


An attempt has been made to outline the visual prob- 
lems that will occur in future flights at very high alti- 
tudes and high speeds. Included have been the inten 
sity, wave length, and distribution of the light present; 
oxygen-concentration effects; barometric-pressure ef 
fects; and high-speed effects. These items require 
consideration in the design and operation of such future 
high-performance aircraft. 
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NOISE 


A Problem in Air Transport and in Ground Operation 


LT. COL. JAMES E. LETT, U.S.A.F. (M.C) 
U.S.A.F. School of Aviation Medicine 


INTRODUCTION 


yes NOISE PROBLEM in aviation is not really a new 
situation, but rather it has been with us almost 
from the beginning of powered flight. Until recently, 
the added increments to the overall noise picture over 
the past few decades have been too small to jar us out 
of our complacency. Production of energy by any 
machine has always resulted in two by-products 

Both the proportion and the absolute 


quantity of heat liberated from all engines have always 


heat and noise. 


been very high, and as a consequence the hazard from 
On the other 
hand, the proportion of the energy from fuel liberated 


heat was early recognized and respected. 
as noise has always been very small. As a consequence 
the noise hazard has been overlooked and ignored while 
In the jet- 
aircraft engine of today, about 90 per cent of the fuel 


the power output from engines was low. 


energy is released as heat and about ! 2 per cent as noise. 
Even so, the total power release has now become tre- 
mendous, and the noise output has quickly gone into 
the dangerous levels. It is no secret to say that we are 
now well into the painful and dangerous levels of noise 
above 140 db. This increase in the logarithmic scale of 
intensity represents a tremendous increase in the noise 
energy received by the ear. 


THE NATURE AND CHARACTERISTICS OF 
AIRCRAFT NOISE 
As in the medical study of disease, physicians feel 
Thus, 
in a discussion of aircraft noise, it is best to begin with 


that it is best to begin with causes and sources. 
the source of the noise, the aircraft. Jet aircraft gener- 
ate noise principally from their power plant and by 
their passage through the air, the aerodynamic noise. 
In flight, the aerodynamic noise gradually increases 
in influence until, at speeds in excess of 400 knots, it is 
the principal contributor. The jet engine produces a 
peculiar type of noise whose frequency spread begins at 
the low end of the scale and goes very high into the 
ultrasonic range (well above 20,000 cycles per sec.). 
Sound spectra are of the continuous type, generally 
known as white noise because of the analogy to white 
light, with a wide plateau that begins at about 100 
cycles per sec., runs more or less flatly toward 10,000 
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There are a 
few peaks in the ultrasonic range which are not heard 
The 
similarity between the curves of engine noise and aero- 
Both are white 
In the future, we do not expect any principal changes 


cycles per sec., and then begins to drop. 
in flight because of masking by the slipstream. 


dynamic noise is marked. noise. 
to occur in such spectra as more powerful thrust is de- 
veloped, only an elevation in the plateau level as in- 
tensity is increased. The noise produced by the more 
conventional propeller-driven reciprocating-engine air- 
craft (including the helicopter) is commonly called a 
discontinuous line-type spectrum. Both spectra are 
typified in Fig. 1. The energy content of the white 
or continuous spectrum noise is evenly distributed over 
its plateau, while it is peaked at a few points in the line- 
spectrum noise. For this reason, the total energy 
output of a white noise is considerably greater than the 
curve would indicate, while the energy content of a 
line-spectrum noise is close to its highest peak. 

From the general laws on forced vibrations, it ts 
known that the transmission efficiency of energy suffers 
with increasing frequency. Also, as the frequency in- 
creases, deflection, dispersion, and absorption of the 
energy in a traveling wave front occur at a higher rate 
because the wave length in the dimension of an obstacle 
(A 20-m. 


wave at 16 cycles per sec. would not be blocked by an 


in its path approaches or exceeds a 1:1 ratio. 


object as large as an office desk, while a wave of 1 cm. 
at 30,000 cycles per sec. would find the desk an im- 
One has but to recall the hollow 
quality of any sound in a fog to realize that the high- 


possible barrier.) 


frequency components are quickly absorbed and that 
only the low-frequency elements travel any distance. 
This is the reason that shielding against high-frequency 
sound, including ultrasonics, is easily accomplished. 
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FREQUENCY IN CYCLES PER SECOND 
Fic. 1 Aircraft noise spectra. 
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HUMIDITY 30% BAROMETER: 29.28 TEMPERATURE 


MPH 


Fic. 2. Sound fields around a B-47 (modified from Sound Sur 
vey Report, Hq., S.A.C. August 13, 1951). 


It is inconceivable that the jet-type transport of the 
future will not be pressurized as are the service jets of 
today. A pressure-containing cabin is a sealed cabin. 
This sealed fuselage will give good shielding against 
high frequencies, thus offering poor transmission to the 
interior. In addition, the conductance of ultrasonics 
in air is so poor that only a negligible quantity will reach 
the receptor. Even by solid conduction, as leaning 
against the wall or any solid structure, we find a low 
transmission efficiency because no true solid contact 
is established since several boundary or surface layers 
will always intervene (textiles, skin, muscles, etc.). 

We can expect the sound level within a jet-type air 
craft to be pleasantly low with little expenditure in 
material and weight because: 

(1) Shielding reduces the high-frequency component 
in a continuous-spectrum noise and therefore greatly 
reduces the total energy transmission into the cabin. 

(2) The low-frequency element that remains does 
not carry the excessive peaks of the conventional air 
craft noise. 

However, it is important to remember that shielding 
is effective only when a good seal is maintained. A 
large leak or explosive decompressive loss of a large 
window might allow entry of much sonic energy, 
as well as set up another source of vibration by acting 
as a venturi. 

The propagation of sound outside the aircraft—that 
is, on the ground—is another story and not such a 
pleasant one. This propagation is subject to large 
variations. Among these variants are the material 
and absorption characteristics of the surrounding 
structures (hangars, ramps, aprons, sodded and decora- 
tive areas, etc.) and physical characteristics of the at- 
mosphere which change air density per unit volume such 
as temperature, pressure, moisture content, wind 
direction, and velocity. Since these factors vary 
constantly, measurement of precise equal intensity 
distribution curves has little practical application for 
the medical man. The ranges between the minimum 
and maximum on a long-time observation basis are a 
more useful way of determining the sound pressure 
values at any given point around an airplane. Ap- 
plication of the square of the distance law for sound 
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energy reduction gives approximate mean values at 
least at short distances for such ranges. It is difficult 
to predict precise sound intensity levels at a given point 
on an airport; changes of from 20 to 25 db. from the 
mean values will be found on repeated measurements. 
It is more useful, from the safety standpoint, to look 
for a combination of the worst possible circumstances 
hot, humid air of high wind velocity blowing directly 
from the aircraft toward the observation point) and 
then to make the measurements. The service aircraft 
most likely to be a source of difficulty in military avia 
tion and a problem in commercial flying (it to some 
extent will probably resemble the future jet transport) 
is the B-47 Stratojet bomber. One such measurement 
of equal intensity levels around such an aircraft is 
shown in Fig. 2. Under the conditions shown, maxi 
mum intensities were found to extend along radial lines 
at an angle of 45° to the longitudinal axis. The SO-db 
level was found to be at 2,000 ft. from the airplane, 
the 90-db. level at 1,200 ft. 


EFFECTS OF EXPOSURE TO HIGH-INTENSITY 
Jet-Type 


Communications systems aloft are well protected 
during flight by the shielding offered by ‘‘buttoned up”’ 
cabins. It is not anticipated that air crews will have 
much difficulty in aural communication because of 
noise masking. An excellent signal-to-noise ratio can 
be obtained easily within the limits of the gain controls 
on modern receivers. 

Much more attention will have to be directed toward 
ground location of radio facilities. Structural and 
spatial isolation from aircraft engines will be vitally 
necessary in order to maintain adequate signal-to-noise 
ratios at which radio communications can be carried 
on easily for the utmost safety of air operations. 

The greatest shift of attention for medical responsi 
bility from present-day habits will be an increasing con 
cern for the ground maintenance worker. He is the 
individual who must work hard and efficiently and carry 
on communications with others, all the while being 
bathed by high-intensity sound fields for appreciable 
periods of time. In the normal individual, long-time 
exposure to intensity levels below 90-95 db. is generally 
considered to be safe. At intensities above this level, 
an injury known by the term “acoustic trauma’’ 
may occur. The degree of drainage depends both 
upon the intensity level and the duration of exposure. 
Generally, after a single mild exposure, the changes in 
hearing are completely reversible, while after a single 
severe or after repeated exposures a cumulative effect 

permanent loss) will remain. For the foregoing 
reason, the degree of permanent loss depends on the 
time interval (rest time) between exposures, in ad- 
dition to the intensity level and the exposure time. 


From both human observation and animal experi- 
mentation, it has been found that the continuous- 
spectrum noise introduces more damage than a line- 
spectrum noise of equal intensity.' This evidence indi- 
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cates that the problem of deafness will be vastly greater 
as a general turnover to jet propulsion occurs. In ad- 
dition to the direct liability for the individual worker 
by the Air Force or the carrier as his employer under 
Workmen's Compensation laws and applicable re- 
tirement laws, this means a more rapid labor turnover 
in a highly specialized field. As a direct consequence, 
there is introduced the even more hidden or indirect 
liability caused by the cumulative drop in maintenance 
efficiency affecting scheduling, hours of aircraft 
utilization, and safety in flight. At present, labor 
maintenance hours on jet engines are much greater 
than on conventional type, although time between en- 
gine changes is rapidly being extended. It is not 
inconceivable that more expert mechanics will still be 
required to maintain a jet transport or fighter fleet than 
an equal number of the conventional-type aircraft. 
In addition to the specific effect on the ear (acoustic 
trauma), aircraft noise has other general effects on 
individuals which increase irritability and lower per- 
sonal efficiency. Jet noise has been found to be out- 
standing by many workers as a producer of these gen- 
eral effects. 


There are two possible methods of getting maximum 
working efficiency and a reduction in liability. These 
are by selection of the proper personnel and by protec- 
tion of the individual worker. There is certainly such 
a thing as individual susceptibility to noise. Pre- 
employment testing of all workers who will be in high- 
intensity sound fields is mandatory in order to deter- 
mine this individual susceptibility. Hearing efficiency 
in noise is only secondary to susceptibility as a deter- 
minant factor of employment. There are skilled 
individuals with impaired hearing for quiet and no 
apparent susceptibility to noise who do have a high 
hearing efficiency in noise and are therefore acceptable 
for employment from both standpoints. 


Much work has been devoted to individual protective 
devices, and excellent ones have been developed. 
These include ear defenders (both insert and cup-type) 
and snug-fitting, padded helmets. These devices have 
been found to be most efficient when properly fitted, 
in spite of the fact that in the present models a certain 
element of inconvenience and discomfort from pro- 
longed use is still present. In contrast to popular 
opinion, the wearing of such devices does not decrease 
hearing efficiency in noise, but a more favorable signal- 
to-noise ratio may be obtained by depressing the mask- 
ing levels of noise. The medical department in both 
military and civilian circumstances has a great re- 
sponsibility for the proper fitting of recommended 
devices and indoctrinating the wearer in the uses and 
advantages to be gained by wearing them, as well as 
the dangers of discarding them. There is quite a 
change in the aural cues a mechanic receives while 
wearing earplugs. This will not bother the new man, 
who will wear his ear defenders from the beginning, 
but the extremely experienced worker will have to re- 
train his ear until the new cues are established. 


In addition to reducing noise intensity levels by 
wearing protective devices, it is possible to reduce 
the incidence of acoustic trauma by considering the 
time element of exposure to noise. A compromise 
between exposure periods and breaks in a quiet area 
must be worked out on a short as well as long-time basis. 
This means that multiple breaks must be given during 
the day and a transfer made to a quieter working area, 
after several months of exposure, for a period of several 
days to weeks. On the long-time basis, such a prac- 
tice will give a greater overall level of efficiency and 
maintenance of aircraft. 

It will be extremely important to institute an auto- 
matic system of checking maintenance workers on the 
overall hearing picture of each individual. This 
periodic check will give a basis for advising on rest 
periods, both in frequency and duration, and to see 
whether individual protective devices have been used 
as recommended. 

Much more thought and care will be required in air- 
port layout. It will be rather ridiculous to span the 
continent in 6 hours and then to hold it on the range 
leg in a stack at the end of the flight for another 6 hours. 
In addition, the higher fuel consumption of the jet will 
probably render such a procedure impossible. The 
most obvious solution is to construct jet ports that will 
handle this long-range type of transport exclusively 
and to restrict conventional aircraft traffic to its own 
airports. It would be vastly less expensive to place 
these new landing fields in the more remote regions 
adjacent to large cities. For additional liability pro- 
tection, a clear zone of 3 miles around such a base should 
be created, and no one but employees and users of jet 
services should be allowed in the area. Happily, such 
a spacing would provide adequate protection against 
noise for adjacent habitations at no extra cost. The 
present airport buildings and terminals in most cases 
do not offer enough acoustic protection, and additional 
soundproofing and sealing will be necessary. Pre- 
flight, test, and work areas should be as far away from 
these structures as possible. Safety criteria have been 
established for sound levels in different areas, depending 
upon the use of the area. As mentioned before, sound 
levels in the audible range should never exceed 90—95 db. 
and should be kept below 85 db. in control observation 
rooms. Sound levels in areas of transient occupancy 
adjacent to test installations should never exceed 100 
db. The criterion for easy conversation with a loud 
voice at 6 ft. is a maximum of 72 db. Noise outside 
open office windows and areas for sleep and rest (hos- 
pitals, homes, etc.) have lower criteria still.* As 
shown by Fig. 3, we now know the level is dependent 
upon frequency distribution, the lower levels being 
required in the higher frequencies. It is suggested 
that consideration be given in commercial aviation 
to loading and sealing the aircraft and then towing it 
away to run-up areas at the end of the strip. After 
turning off the runway on landing, the engine should 
probably be cut and the aircraft towed to the debarking 
ramp. Additional acoustic protection will be offered 
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(SAFETY CRITERION 


CRITERION FOR CONDITIONS OUTSIDE 
/ OPEN OFFICE WINDOWS 


SOUND LEVEL IN DECIBELS 


SLEEPING OR REST CRITERION 


20 75 150 300 600 1200 2400 4800 
75 150 300 600 1200 2400 4800 9600 


FREQUENCY BANDS IN CPS 


Fic. 38. Noise level criteria (modified from Sound Survey Re- 
port, Hq., S.A.C. August 13, 1951). 


if loadings are not done while landings are being made. 
Acoustic barriers can be erected by placing hangers 
and other buildings between terminals and occupied 
areas and the landing strip. Earthen mounds and 
underground construction are quite practicable in 
protection against noise. 


Acoustically protected test cells are now being en- 
gineered which will aid both the worker and those in the 
area. Remote control is being use :much as pos- 
sible. Work is being done on concrete muffling de- 


vices to test engines while still in the air frame. 

In order to overcome the long slow surface trip from 
the commercial jet port to the nearby city, a large 
helicopter can be used as a vertical low-level and very 
rapid lift. A passenger can be landed directly down- 
town from a distant jet port more rapidly than he can 
be driven in from the average airport today. Sound 
problems of this type of transport will be negligible 
for the occupants; for the people on the ground directly 


beneath, it will be extremely noisy. Perhaps slum 
areas that now exist in all of our major cities can be 
cleared for the location of helicopter landing areas and 
garages. 


CONCLUSION 


In conclusion, it is felt that from the standpoint of 
acoustic trauma, jet noise presents a much greater 
problem than reciprocating-engine aircraft noise. 
These problems are not insurmountable but can be 
handled if adequate advance preparation is made. 
The shift in medical emphasis today is toward selection 
and protection of the ground maintenance worker 
Consideration of acoustical protection must be an im- 
portant point in new construction. The personal 
equipment available today is fairly adequate but can 
certainly stand improvement. Here the emphatic 
need is for the thorough indoctrination of the individual 
worker. Air Force experience in handling large jet 
aircraft, although still limited, shows definitely that 
the airport of today is totally inadequate from a con 
struction standpoint in offering suitable acoustic 
protection. 

The sound fields we are now approaching appear to 
be far above the levels of safety and human tolerance. 
This applies particularly to Air Force bases and Navy 
carriers. It is to be hoped that, confronted by this 
challenge, engineers will approach the problem of noise 
abatement at the source—the only practicable method 
left to the future for human safety. 
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Physiological Aspects of Prolonged Flight at High Altitudes 
and Survival in Emergencies 


(Concluded fron 


civil and military aircraft; in others, radically different 
approaches must be taken. It is certain that in the 
aviation of coming years the human factor will con- 
tinue to call for the utmost ingenuity and resourceful- 
ness on the part of the aeronautical engineer and his 
medical advisers. 
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feet, Chapter XXI, ‘‘Physics and Medicine of the Upper Atmos 
phere,” (Editors: C.S. White and O. O. Benson, Jr.); The Uni 
versity of New Mexico Press, Albuquerque, N.M., 1952. 
’ Hornberger, W., vide Th. Benzinger, Explosive Decompression, 
Chapter ]V-M, “German Aviation Medicine in World War I1;” 
U.S. Government Printing Office, Washington, D.C., 1950. 
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AEROMEDICAL PROBLEMS FOR NUCLEAR-PROPELLED AIRCRAFT 


Lt. Col. John E. Pickering, U.S.A. 
U.S.A.GF. School of Aviation Medicine 


INTRODUCTION 


EASIBILITY OF PEACETIME USES for atomic power 
has been argued for several years. If one accepts 
the military need to fly half way around the world and 
return nonstop, 


nuclear fuel becomes 


propulsion for 


utilization of 
Nuclear aircraft presents 
many engineering and design problenis. However, 
careful evaluation also reveals a series of medical prob- 
lems resulting from the power plant, or more specifically 
from the radiations with the 
operations of the power plant. What are the restrictions 
to air-crew members from such an What 
amount of radiation can an operational air crew accept? 


realistic. 


nuclear associated 


aircraft? 


What are the effects of acute exposures to ionizing 
radiation? Is there a degree of sensitivity among 
individuals to radiation? Is there a specific psycho- 
logical problem to selection relative to this radiation 
exposure? These questions and many others have 
initiated a widespread biological research program as- 
sociated with nuclear propulsion. 

To argue the feasibility of atomic power on the basis 
of 1 lb. of uranium releasing energy equivalent to 1,500 
tons of coal may be somewhat naive, although the 
Cowles Commission on the Atomic 
To consider the oil, gas, and 
coal reserves and their geographical location with 
reference to countries that are ‘‘energy-poor,’’ yet 


Economics of 
Power did not rule it out. 


industrially potential, makes the problem more realistic. 
Finally, to consider the possible need to fly half way 
around the world and return nonstop becomes a down- 
to-earth reality. The Air Force and the Navy are not 
only taking an optimistic view toward nuclear-powered 
aircraft, submarine, and surface craft, they are actually 
studying specific problems associated with nuclear pro- 
pulsion. To gain an insight into these problems, let us 
first discuss the power source—a pile. 


THE POWER SOURCE 


Fundamental to the nuclear reactor or pile is the 
This fission 
process in certain materials such as U*** or Pu**® splits 
the elements into two fissions products, releasing tre- 
mendous quantities of heat and potential motion. If 
this heat is taken up by a liquid and put to work in 
generating steam, we have a conventional turbine-type 
system. This could be one type of a nuclear plane. 
To build such a plane, certain engineering problems 
arise: (1) developing an operable engine system, adapt- 


fission process and the chain reaction. 
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able aerodynamically; (2) engineering a safe system for 
the release of energy at a controllable rate; (5) impro- 
vising equipment for converting heat energy into work 
energy to run the propulsion system; and (4) adapting 
the pile to an air frame—then it is ready for flight. 
This seems to reduce itself to an engineering problem, 
but, unfortunately, this is not the complete picture. 

Admittedly, a pile is possible—fission will sustain 
itself—and the possibility of an adaptable air frame is 
not remote. 


THE MEDICAL PROBLEM 


The aviation industry, both civilian and military, can 
no longer function without cross-support from the 
doctors in aviation medicine. The history of aviation 
proves that one of the greatest limiting factors to faster 
and higher flying is the human body—and not engines 
and metallic alloys. 
of man to the varying stresses of flight must be considered 


Now, as never before, the response 
in any aircraft design and development. This is even 
more important in the nuclear craft than the futirictic 
supersonic craft being studied and tested. \Wu! cir- 
crew members impose restrictions on this craft? Most 
definitely yes. The problems begin with the elementary 
reaction of fission. The fission fragments formed are 
intensely radioactive and decay by a succession of par- 
ticle emissions and conversions accompanied by gamma 
radiation. In addition to these forms of radioactivity 
released by the fission fragments, the act of fission itself 
releases high-energy gamma radiation. Further, to 
propagate fission requires neutrons, which in turn be- 
come radiation hazards either as stray neutrons or by 
inducing artificial activity into previously stable com- 
These radiations of 
varying energy can and do penetrate matter; they can 
penetrate the human body without being sensed. By a 
process of ionization they attack living cells and can 
produce serious illness, and even death, over a variable 
period from days to years. 


ponents of the nuclear plane. 


Therefore, over and above 
all the current known stresses imposed by high-flying 
supersonic aircraft, the human body is required to ac- 
commodate to one more stress—-biological and, ‘es, 
psychological stress—radiation. 

The common denominator to radiation protection is 
shielding, but from here on the engineer and doctor 
must give and take. The engineer requires a minimum 
of shielding; whereas, the doctor would like to have a 
maximum amount. Therefore the question is: How 
much shielding is necessary for absolute protection? Is 
this prohibitive, aerodynamically speaking? To reduce 
the radiation from the pile and observe our present 
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tolerance of 0.05r per day or 0.3r per week, the shield 
ing alone would be in the neighborhood of 50 tons. 
Naturally, with all the other structural and operational 
equipment necessary, this is not practical. Then what 
is the minimum amount of radiation which can escape 
the shield and still allow this power plant to fly? Is 
this amount of radiation greater than the maximum 
permissible exposure the human body can tolerate? If 
not, how often can the air-crew members be exposed to 
this allowable amount of radiation without detrimental 
effects? Extensive radiobiology researches, observa- 
tions of radiation effects from the bombs of Hiroshima 
and Nagasaki, and accidental radiation exposures with- 
in the A.E.C. and the old Manhattan District have 
enabled the medical men in aviation medicine to supply 
the engineer with the following data. Air crews may 
accept an exposure of 25r per mission, and it is probable 
that eight missions can be carried out at weekly or 
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longer intervals. More missions may be feasible, but 
personnel should be carefully checked before being per- 
mitted greater exposure than 200r total, 8 25r missions. 
From these data, the engineer is designing the necessary 
shielding so progress in the air-frame design can proceed. 

To complete our medical obligations, however, 
answers to the following questions should be obtained. 
What are the effects of acute and intermittent exposures 
to ionizing radiation? Is there a degree of sensitivity 
of individuals to radiation exposure? Is there a 
specific psychological problem of pilot selection relative 
to this specific stress or hazard—radiation exposure? 
It is gratifying to report that current projects at the 
U.S.A.F. School of Aviation Medicine and at other insti- 
tutions are channeled to solutions of these problems. 
The fact that reactor and air-frame contracts have been 
assigned is a vote of confidence that a new era in 
aviation medicine has begun. 


Vision at High Speed and Alltitude 


(Concluded from page 64) 


Wright-Patterson Air Force Base, Dayton, Ohio, Aero Medical 
Laboratory Memorandum Report MCREOS-48-1, December 7, 
1948. 

* Strughold, H., The Human Time Factor in Flight, Journal of 
Aviation Medicine, Vol. 20, No. 5, pp. 300-307, October, 1949. 

5 Noell, W., and Chinn, H., The Effects of Anoxia on the Retina 
and Optic Pathways, U.S.A.F. School of Aviation Medicine, 
Randolph Field, Tex., Project 21-02-111 (in publication). 

6 Anon., Synopsis of the Aero Medical Aspects of Jet Propelled 
Aircraft, Air Materiel Command, Wright-Patterson Air Force 


Base, Dayton, Ohio, Aero Medical Laboratory Unnumbered Re 
port, November 25, 1949. 


7 Lovelace, W. R., Report of Conference in Germany, Air Ma 
teriel Command, Wright-Patterson Air Force Base, Dayton, Ohio, 
Aero Medical Laboratory Memorandum Report TSEAL-3-696 
74C, 1945. 


8 Kornfield, A. T., and Poppen, J. R., Effect of High Velocity 


Wind Blast on Personnel and Equipment. Journal of Aviation 
Medicine, Vol. 20, pp. 24-38, February, 1949. 
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Crash Protection in Air Transports 


Lt, Col. John Stapp, (MC.) 
Alera Medical Laloratery, W.A.D.C. 


EMERGENCY DITCHING in calm 
water, where both the speed and the angle of im- 
pingement of the aircraft are kept low, will result in a 
deceleration of less than 10g’s, entirely harmless to the 
well-braced occupants. In a recent accident, a jet 
bomber nosed in from low altitude at more than 500 
m.p-h. Only 19,000 Ibs. of fragments, none bigger than 
one man could carry, were all that could be found of the 
193,000-Ib. aircraft. The unidentifiable remains of the 
three crew members totaled 9!/. lbs. Between these ex- 
tremes are the majority of aircraft crashes, in which, 
excluding the effects of fire, survivors diminish in num- 
ber toward the vanishing point as the estimated deceler- 
ative forces approach 50g’s. Yet, as will be revealed 
presently, abrupt decelerations of 50g's can be sustained 
without loss of consciousness or injury, and impacts 
of more than 100g’s can be survived. This becomes 
increasingly important as airplanes fly faster and in- 
evitably crash harder. 

Based on observations of accidents and on experi- 
mental evidence, it can be assumed that the dissipation 
of kinetic energy in an aircraft crash occurs in '/» sec. or 
less. Crash forces are determined by the mass and 
velocity of the aircraft; their direction is a resultant of 
the horizontal and vertical components of its angle of 
impingement against the terrain. The subsequent 
irregular pattern of deceleration corresponds to the 
diminishing momentum of the aircraft as its structure 
fails and the terrain resists its motion by collision and 
friction. Decelerative forces can be analyzed by de- 
termining the following factors: (1) rate of change of 
deceleration, (2) peak or plateau deceleration, (3) 
direction of the forces, (4) area of distribution, (5) time- 
displacement, and (6) duration. 

The forces transmitted to occupants of the aircraft 
are determined by: (1) their attenuation and absorp- 
tion by structures intervening between the occupant 
and areas of the aircraft impinging against the ground; 
(2) distance and direction of displacement of the occu- 
pant; (3) area, configuration, and resistance of objects 
against which the occupant is decelerated; (4) attenua- 
tion and absorption of force by the body of the occu- 
pant; (5) rate of application of the forces; (6) fre- 
quency characteristics; and (7) duration. 

The problem of evaluating the effect of these factors 
requires controlled experimental exposure of human, 
animal, and anthropomorphic dummy subjects to 
decelerations. 


crash-type Progressively augmented 


combinations of these variables will determine tolerance 
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and survival limits. Simultaneously, the efficacy of 


various restraint configurations and development of 


basic principles of crash protection can be explored. 

Progress in this field has been limited by the formid- 
able mechanical problems, the difficulties of developing 
maintaining and operating experimental apparatus sub- 
jected to high impact forces, and the hazardous nature 
of the experiments for human subjects. 

In 1946, a competitive design study resulted in the 
development of a machine to produce abrupt linear 
decelerations similar to those encountered in crashes, 


ditchings, parachute opening shocks, and _ rocket- 
power escape capsules. 
The device consisted of a 1,500-lb. tubular-steel 


sled slipper mounted on a 2,000-ft. standard gage 
track and propelled by one to four solid-fuel rockets, 
After 
accelerating to the required velocity, the sled entered a 


each having 1,000 lbs. thrust for 5-sec. duration. 


section of fixed mechanical friction brakes located be- 
tween the rails in a 50-ft. length at a point 1,250 ft. from 
the beginning of the track. These brakes were preset 
in a predetermined sequence and were tripped by cams 
on the sled. Two parallel keels beneath the chassis 
were clasped by the closing brakes with an action similar 
to pulling a knife blade through a vise, causing the sled 
to lose momentum in a controlled reproducible pattern. 

The controlled range of operation was from 10g to 60g 
by 5g increments, with durations of 0.08 to 0.42 sec., at 
rates of change of acceleration from 280—3,400g per sec. 
The sled could be stopped in less than 20 ft. from a vel- 
ocity of 180 m.p.h., with peak decelerations exceeding 
100g’s. 
strained in the configuration and plane of orientation 


Dummy, chimpanzee, or human subjects, re- 


required for a given experiment, were suitably instru- 
mented with accelerometers and strain gages recording 
through telemetering and were photographed during 
deceleration by high-speed motion pictures and ribbon- 
frame cameras. 

Between April, 1947, and June, 1951, the linear 
decelerator was operated by its designers, Northrop 
Aircraft, Inc., for the Aero Medical Laboratory of 
Wright Air Development Center at Edwards Flight 
Test Center, where a suitable track was available. 
Seventy-two tests with parachute dummies, 73 human 
experiments, and 88 experiments with chimpanzees 
were accomplished. 

Between June, 1951, and November, 1952, another 
decelerator was devised and put to use at Edwards 
Flight Test Center. This consisted of a monorail from 
which a welded-steel carriage was suspended. Propul- 
sion along the 30-ft. greased monorail was obtained by a 
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(Top) Decelerator with subject in position for forward-facing 
run. (A) Telemetering antenna. (B) Windshield. (C) Movie 
camera. (D) Slipper. (E) Telemetering equipment. (F) Chest 
accelerometer. (G) Shoulder strain gage. (H) Braking keel. 

(Bottom) Decelerator with subject in position for backward- 
facing run. (A) Foot rest. (B) Chest accelerometer. (C) Pro- 
pellant rockets. (D) Vertical hand hold. 
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Run Mo. 163; from 88.6 m.p.h. to a stop in 18 ft. 
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standard ejection seat catapult. The charge could be 
varied to permit a velocity range from 15 to 47 ft. per sec. 
The carriage decelerated by impinging against a lead 
cone on a frame at the end of the rail. Different sizes 
and shapes of lead cones provided corresponding varia 
tions in the deceleration pattern from 30g to more than 
200g at rates of onset varying from 1,500—40,000g per 
sec. and with durations of '/ to > 99 sec. 

Fifty-one experiments were accomplished with this 
device by Winquist and Stumm, using as subjects 
ancsthetized hogs varying in weight from 70 to 134 Ibs 
Inst-mnentation included strain gages on harness coi 
ponents, eecelerometers bolted to the carriage, and 
accelero:ncters imbedded surgically in the lumbar back 
region and in some cases over the sternum or abdomen 
High-speed motion pictures, X-rays of the vertebral 
column, and autopsies, either imimediately or within 10 
days foilowing survival were accomplished on all sub 
jects. 

In all, seven body orientations were used in these ex 
periments. A stiamary of the tolerance and uninjured 
survival li:uits obtained in these experiments is shown 
Human tolerance to decelerative forces is lowest in the 
buttocks first or upward seat ejection position. Experi 
ments with hog subjects in this position caused no 
injury at 79g’s, but resulted in mid-thoracie vertebral 
fractures at S6g’s. 

The effect of the third derivative of motion, desig 
nated as the rate of change of deceleration, on tolerance 
to abrupt decelerations, was first investigated by Bier- 
man in 1945 during his tour of duty with the Navy. 
He attempted to modify the rate of onset applied by a 
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CRASH PROTECTION IN AIR TRANSPORTS 


weighted harness dropped on a human volunteer sub- 
ject by making the webbing out of undrawn nylon, 
which absorbs energy by permanent deformation of the 
fibers. This idea never went beyond the experimental 
stage because undrawn nylon is unstable. Its draw 
properties are unreliable, and after threefold lengthen- 
ing of the straps, a crash harness could not hold the 


pilot against collision with the crowded interior of a 
cockpit. 

The effects of the rates of change of deceleration are 
suggested by the diagram of slopes and peaks. Run 
No. 133, with a rate of change of deceleration of 1,370g 


per sec., and a peak of 38.6g resulted in the most severe 
transient physiological effects that were encountered in 
the entire series of human experiments. The subject 
fainted twice immediately following the run and mani- 
fested many subjective signs of acute distress, complain- 
ing of intense muscle soreness for several days. In con- 
pe trast, the very same plateau of 38.6g’s was applied to 
| another human subject at a rate of change of 331g per 
sec. with no subjective or physiological changes other 


than the effects of excitement and exertion. In most 
subjects sustaining decelerations of more than 30g's 
4 at more than a 1,000g per sec. rate of onset, pallor, drop 


in blood pressure, increased pulse rate, and perspiration 
were noted. 


In one case where the rate of change of deceleration 
} was kept below 500g per sec., a peak of 45.4g was applied 


be | to the subject without producing these manifestations ™ 
os Fave Ribbon frame profile views of deceleration in brake area. (Left) 

of shock. Anesthetized chimpanzee, supine, head first going from 169 m.p.h. 
ad In the case of the monorail deceleration experiments to a stop in 20 ft. (Center) Human volunteer seated facing for- 
ward, going from 88.6 m.p.h. to a stop in 18 ft. (Right) Para- 
chute dummy during failure of undrawn nylon harness, 


es with hog subjects, exposure to abrupt impacts in the 
la ) rear-facing seated position with the back applied to a 
an | firm surface of ‘““Styrofoam”’ had an injury threshold of 
er | 80g, as compared to an injury threshold of 125g in the 
forward-facing seated position restrained by nylon 
Mis webbing of 35 per cent elasticity. This difference re- 
ts flects the attenuation of the rate of change of decelera- 
s. | tion due to the elasticity of the nylon webbing, demon- 
1 strated by high-speed motion pictures. 
nd It becomes evident from the high levels of tolerance 
cl found with human volunteers and the extremely high 
1 forces survived without injury by animal subjects, 
ral chosen for their approximation of human dimensions 
and weights, that protection of human occupants of 
D aircraft from abrupt crash forces is determined not by 
human limitations but by the dynamic stress limitations 
of aircraft. 
The foremost hazard to aircraft occupants following 
a crash is fire. Adequate crash protection might enable 
ie uninjured survivors to get out more quickly, but it is 
ri futile to be saved from concussion only to be cremated. 
10 The N.A.C.A. and various other agencies are finding 
al many answers to the fire problem, particularly in the 
prevention of instantaneous flash fires following a crash, 
g so that passengers will have a little more time in which 
ce to escape from the wreckage, provided they have sur- 
‘r- vived the crash forces. 
carriage of monorail decelerator. Note lead spike and impinging 


y Most air transports are equipped with forward-facing plate in upper left. Carriage is suspended from rail by two slippers, 
a seats stressed to about 6-9g and a 2-in. width lap belt upper center and right. 


 Anetaaa hog subject in backward-facing seated position in 
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5 necative G position 
SUPINE, HEAD FORWARD 


1 SEATED FACING FORWARD 


Body orientations for linear deceleration experiments. 


2 SEATED FACING BACKWARD 


4 positive Gposition 
SUPINE, FEET FORWARD 


6 BACK TO BULKHEAD 
HORIZONTAL , TRANSVERSE 


POSITION 


| SEATED FORWARD FACING 
TOLERANCE (human) 
b SURVIVAL, UNINJURED 
(CHIMPANZEE) 
(HOG) 


2 SEATED BACKWARD FACING 
@ TOLERANCE (humon) 
b SURVIVAL, UNINJURED 
(CHIMPANZEE) 
(HOG) 


3 SEATED FACING SIDEWISE 
TOLERANCE (Chimponzee) 


4 SUPINE, FEET FIRST 
TOLERANCE (Chimpanzee) 


5 SUPINE, MEAD FIRST 
@ SURVIVAL, MINIMAL INJURY 
(CHIMPANZEE) 


6 SEATED, BUTTOCKS TO HEAD 


@ TOLERANCE (humon) 


Tolerance and 


PEAK"G" RATE OF CHANGE TOTAL DURATION 
g/sec SECONDS 

10-46 6 280-1370 15- 37 
9-100.0 210-3400 10-20 
30-125.0 1500-15000 0+ 08 
10-350 500-1200 15- 42 
20-1000 870-3350 10-16 
20-1000 1500 -15000 04-08 
20-470 900-1200 12-17 
26-510 700-1000 13-20 

-1500 550-1450 08- 35 

5-330 50-400 004-03 


survival limits for linear deceleration. 


Decelerat 


ateau and rate of change of deceleration 


Range of g-plateau and rate of change of deceleration. 
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of between 2,000 and 4,000 Ibs. break strength. The 
lap belt alone, used in the forward-facing seated posi- 
tion, can permit uninjured survival of exposure to 
decelerations up to 20g at a 1,000g per sec. rate of onset, 
and possibly of higher forces with some degree of in- 
jury, if the following conditions can be met: 

(a) Belt, seat, and all attachments to seat and to air- 
craft floor are of 20g strength with adequate safety fac- 
tor for brief overloads. 

(6) A minimum clearance of 44 in. between seats is 
provided so that the passenger does not strike his head 
on the back of the seat in front of him. 

(c) The 20g deceleration must be in the long axis of 
the cabin and free from violent gyrations and lateral or 
vertical components that might throw the passenger out 
of the belt loop or against arm rests. 

(d) The belt must be tightened properly into the 
crease of the hips, leaving no slack to apply abrupt over- 
loads to seat attachments. 

For all of these conditions to be met simultaneously 
would indeed be fortuitous, even though 20g seats, lap 
belts, and attachments with adequate spacing between 
seats were provided. The tightness or looseness and 
the position of the lap belt are at the discretion of the 
passenger, as well as his attitude and posture in the 
seat. 

The final requirement, of course, is that the passenger 
be a young athletic adult, preferably male. Pregnant 
women, infants, small children, the obese, the elderly 
and the infirm are not anatomically and physiologically 
adapted to such violent protection. How many g’s of 
deceleration would be required to snatch an infant from 
the arms of its mother as her torso and legs hinge on 
the safety belt and jack-knife forward? Suppose that a 
passenger in the rear of the transport fails to fasten his 
safety belt. He plunges into the back of the seat in 
front of him, which, loaded with the weight of two pas- 
sengers, gives away and crashes into the next seat, start- 
ing a chain reaction of failures resembling the toppling 
of a row of dominoes. 

What is the actual record of the safety belt and for 
ward-facing seat, based on the analysis of transport 
crashes? Ina recent review by Dr. Eugene F. DuBois, 
of Crash Injury Research, entitled “Safety Belts Are 
Not Dangerous,”’ he reports that, over a 10-year period 
in which SSS crashes were investigated, no internal 
injuries in the area beneath the belt were found. In 
deed, with 6.6g stressed seats and belts of 3,000 Ibs. or 
less pull strength, why should any internal injuries be 
expected? Ruif and associates in Germany in 1941 were 
able to attain ISg in experiments with human subjects 
restrained by a lap belt, riding in a swing, snubbed by 
bungee shock absorbers, with only slight nausea and 
momentary distress. It is evident that in the S5S 
crashes reported by DuBois, all seats must have failed 
before reaching ISg’s. Experiments with anesthetized 
hogs restrained by a lap belt resulted in injuries at 53¢ 
deceleration. 

In a survey of 800 crash survivors by Cornell Uni- 
versity'’s Crash Injury Research, 704, or 88 per cent, 
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Run No. | Subject Initial Final Velocity lration}| cquivalent | calculated “alculated [Weight of |] Force |Haruess ness 
Velocity] Velocity Chance Stopping Slope Plateau Subject essure 
Distance 
(ft7sec)] ({t/sec Tt/seq mpn | (Seconds ) treet) T7sec) if] Tpounds] (sq. Troly 
Confipurat°on vo. 1 scl. cation Distance, L7.1 feet 
Active 3rake Units, 1,2, ---—--—---l2, 13, 2h. 
96 JPS 217 | ll | 102 9.5 oJ 12. 1170 11.3 172 1949 137.5 14.1 
101 wo displacencnt record 
119 IPS 202.5 § 95 | 2107.5 fre 233 15. 1060 10.9 17h 1893 217.5 8.7 
120 4 No displucement record 
lal 200.5 | 72 j 228 5 4 3 20.5 5 11.9 152.5 161 207.5 8.7 
Configurati 2 eecelerati bistance 3 feet 
Active Brake Units 1,2,3, 12, 13 1b,—-—-------23, 2h 
ou JPS 216 | 128 1 68 61 «el 8.5 1055 15.0 172 2575 261 9.9 
95 JFF tio displacement record 
97 VAR 226 77 2 1 l 1079 15.0 155 2310 2hu.5 9.5 
9 Wade . 1150 16.6 15h 2586 207.5 12.5 
102 RHA 2 21 1165 16.7 170 28L0 245.5 10.7 
10 DIM u 21 1170 16.6 176 2920 271.0 10.8 
117 RHA Te 21 980 13.9 170 2366 203.0 11.6 
RL 222 : 923 14.3 177 2522 238.0 10.6 
FHS 2.5 3.4 15.5 770 17.5 197 198.2 17.4 
HG 2. 735 16.9 208 8500 198.7 17.6 
164 WAS 103 22 15.2 940 15.0 (1u2¢21) 168.0 14.2 
© 3 eraticn v.stance 26.7 feet 
100 WAR 1 1080 20 155 3225 13.2 
WAR Sel 1150 21.2 155 3280 176.5 18.6 
143 JFF 2.2 16 22 1015 2305 1u9 3500 170.3 2.6 
1L6 WAR 22 23.3 155 3610 176.3 20.5 
147 JFF 24.1 3590 170.3 21.2 
148 WAR 
162 JPS 
163 Jp 32.0 170+ 21) 6112 186.0 32.9 
165 JPS (L/u+ 21) 3430 186.0 16.5 
166 JPS 70 3298 186.0 17.7 
10 25.8 155 4,000 240.3 16.7 
WAR 152 3695 7.5 17.8 
105 RHA 
12 JFF | | 25.0 152 3800 201.3 18.9 
107 JFF 213 13 3] 3.2 27.0 1u9 4030 20.3 16.8 
108 WAR 212 12y 3 215 980 28.9 153 Lu22 207.5 18.2 
109 RHA 213 3 3 LS] -155 2 990 28.2 170 1,800 20L.0 26.9 
110 226 1 2.0 1150 31.3 172.5 5490 217.5 25.2 
lll JFF 211 10 10 13.0] 8.0 1170 3L./ 152 5255 2L0.3 21.8 
123 RHA 197.6 71.6 22. 7. 91 26.5 170.5 L859 204.0 23.8 
12h JPS 210 13k 6 3.2 900 26.7 L659 217.5 21.b 
129 WAR Jisplacencent rec rd 
130 JFF 201 | | 2 8 21.8 153 3791 15.8 
ackward Fa » Seated Position # 
113 WAR 2 70 2 1156 35.0 152 320 260 20.5 
1m, JFF 208 96 112 1160 3.8 153 252 21.1 
Configuration 'o. Deceleration Distance feet 
133 RL 213 87 12 66 0155 ick 1370 35.6 17 £839 238 28.7 
135 JPS 220 | x 16 | | 38.1 172 6553 217.5 0.2 
Configuration to. teduced Bra.e Pressure 
Deceleration Distance, 39.5 feet. 38 consecutive brakes at 150 to 200 p.s.i. closing pressure 
210 PAS 210 | 326 | al, |: “| 237 | 2.0 281 | 13.9 | 206 2864 10.2 
Deceleration Distance, 3.4 feet 35 conse brakes at 200 to 2 p.S.i. closing pressure 
aul JPS 218 | 323 | | | 9.9 8 | 20.6 175 | | 217.5 16.6 
Deceleration Distance, 34.3 feet 33 brakes at 250 to 3 peSei. closing pressure 
212 PAS 210 69.5 | sane 32.7 | 206 | 6738 | 280 24.1 
Deceleration Distance, 36.l b- brakes at 250 to 300 p.s.i- closing pressure 
a3 JPS 22h | 71.0 [us | s| «250 |: oy | 31L.5 | 36.5 | 175 | 386 | 217.5 29-4 
Deceleratior. Distance, 36.4 35 consecutive brakes at 300 to 350 p.s-i. closing pres: 
PAS 222.5 | 41.0 v5 | 331 | 38.62 | 2 | 280 28.35 
Deceleration vistarce slec feet conbecuiive branes ut 350 to LcO Cloving pressure 
215 JPS 226 | 0.2 58 22 [29-7 493.5 {2 5 | 4 a 36.5 
Ae Velocity at entry to brakes 
B. Velocity at exit from brakes 
c. Velocity change in miles per hour and feet per second 
D. Duration of decelerat.on 
E. Calculated equivalent stopping distance for the observed decelerat if final velocity were zero 
F. Initial slope of deceleration-time curve calculated fro time record. 
G. Plateau of trapezoidal deceleration-time curve calculated from displacezent-time record. 
H. Weight in pounds of subject just prior to run. 
I. The product of calculated plateau g-times the weight of te subject , from columns F and G. 
J.  Weasured area of harness webbing impinging on the subject in the forward seated position. 
K. The force in column H, divided by the harness area column I, to give average harness pressure 
* Measured back area of subject against seat. 


Analysis of time-displacement data for human subjects. 
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Experiment 113, accelerometer records. Human subject seated 
facing backward. 


sustained head injuries; 641, or SO.1 per cent, sustained 
leg injuries; and 250, or 13 per cent, sustained injuries 
of the lumbar spine, abdomen, hips, pelvis, sacrum, and 
perineum. Much is made of the fact that injuries in the 
belt area, such as bruises, were sustained by 32 sur 
vivors, with only 23 showing evidences of intra-ab 
dominal injury. The fact that the lap belt, submitted 
for use as a protective device, seldom produces injury 
is scarcely a cause for rejoicing. The obvious fact that 
SS per cent of the survivors of SOO crashes received head 
injuries while depending on the lap belt alone for pro 
tection, not to mention the other less numerous vari 
eties of injuries incurred, hardly recommends it as a 
safety device. Rather, it would seem that the lap belt 
is being endorsed as socially acceptable, so long as the 
passengers suffer broken necks and fractured skulls but 
are not afflicted by ruptured urinary bladders. Must 
the pile-up of seat and belt failure in a 120-m.p.h. crash 
at less than 20° angle of impingement be tolerated as 
an act of God and an acceptable risk of air travel, in the 
face of experimental proof that uninjured survival of the 
crash forces would be routine if protection were ade 
quate? Statistics can become the most accurate possi 
ble way of missing the point. 

Correct thinking on the subject of passenger safety 
would demand to know what is better than a lap belt in 
forward-facing seats. Stronger seats, stronger fittings, 
and the addition of shoulder straps would be an im 
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Experiment 215, accelerometer records. Human subject seated 


facing forward. 
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provement but not an acceptable answer for passengers 
who might decide that air travel is unsafe if they were 
hog-tied for the ride. 

The answer is in the use of high-strength backward- 
facing seats, for which the present lap belt is adequate 
restraint. In such seats, the reclining feature for the 
back can be retained, provided the pivot point is above 
the center of gravity of the occupant so that crash 
forces would return the back to the near vertical pos- 
ture. Head rests should extend above the passengers 
heads so that the roof is held away in case the aircraft 
overturns and caves in. 

In the case of a 175-lb. occupant applying 300 sq.in. 
of back surface to a rear-facing seat during deceleration 
at 40g, the loading pressure will be 175 X (40/300) = 
23.3 Ibs. per sq.in. In contrast, consider the case of a 
175-lb. occupant of a forward-facing seat restrained by 
a 2-in. width lap belt impinging approximately 20 in. 
of its length across the anterior aspect of his trunk. 
Against 40 sq.in. of belt surface, the occupant will sustain 
S7.5 Ibs. per sq.in. of pressure at 20g; at 40g deceleration, 
175 Ibs. per sq.in. There is no question that 23.3 Ibs. 
per sq.in. can be sustained against the back surface of 
the body; 26.7 Ibs. per sq.in. has been sustained by a 
human subject on the decelerator without ill effects. 
For obvious reasons, no human subjects have been 
experimentally exposed to 175 Ibs. per sq.in. against the 
abdomen, or even to 87.5 Ibs. per sq.in. 

A high-strength backward-facing seat that can be 
folded out of the way has been designed by the Aircraft 
Laboratory of Wright Air Development Center and is 
being installed in all aircraft of the Military Air Trans 
port Service, beginning with the C-97’s. 

The British have installed high-strength backward 
facing seats not only in R.A.F. transports but in some 
domestic air liners. It has been reported that more than 
150 passengers have survived uninjured in about half a 
dozen crashes of aircraft with rear-facing seats. Cor- 
nell Crash Injury Research published a careful analysis 
of two R.A.F. crashes of aircraft with rear-facing seats 
one of a four-engined transport in December, 1950, and 
the other of a twin-engined plane in February, 1951, in 
which 39 survived, all of them occupants of rear-facing 
seats. 

With respect to the acceptability of backward-facing 
seats to air-transport passengers, the following direct 
quotations are made from the report (published in 
April, 1947) of a staff study conducted by Traffic Divi 
sion of the Air Transport Command, U.S.A.F.: 

“The Traffic Division, Air Transport Command, un 
willing to accept as dogma a statement of passenger 
reaction based upon travel in railroad day coaches, 
particularly in the face of the great safety gain possible 
through the adoption of such a plan, received permission 
from the Commanding General to conduct an investiga- 
tion into the passengers’ real reactions to such a pro- 
posal. Accordingly, two aircraft of the transcontinental 
‘Statesman’ flight, operated by the Eastern Pacific 
Wing, Pacific Division, were prepared with all seats 
facing aft. Upon being placed into service, each pas- 
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CRASH PROTECTION 


senger boarding a reverse seat aircraft was given a folder 
that explained, in language easily understood by the 
layman, the advantages to be gained froim riding in this 
unorthodox position and the reasons behind the test. 
He was asked to comment on his reactions at take-off, 
in flight, and upon landing. This test was continued 
until a total of 1,020 questionnaires were filled out by 
passengers from all walks of life, military and civilian, 
male and female.”’ 

‘“‘Astonishingly enough, the passengers, given a 
reasonable explanation of the change, expressed them- 
selves as overwhelmingly in favor of the change and 
indicated no discomfort or adverse reaction to this type 
of seating, except in a very small percentage of cases. 

“Tt was found that, because of the lack of any sensa- 
tion of forward motion once the airplane was air-borne, 
the instances of air sickness or other undesirable effects 
common to railroad trains or other surface vehicles was 
in no way accentuated. 

“Tt was recognized during this study that the present 
type of aircraft seat, because of its design, would provide 
very little additional safety, since the seat could be 
expected to give way under the stress encountered in 
emergency landings. This, however, is an engineering 
problem susceptible to ready solution, and at the re- 
quest of this Headquarters, it is now in the process of 
investigation and research at Wright Field, where 
deceleration test equipment has been procured to con- 
duct the experiment. These tests were scheduled to 
begin in April of this year [1947]. 


IN APR OETRANS FORTS 


“The investigation into passenger reaction conducted 
by this Command would indicate that with proper 
education the traveling public may be expected to 
concur. In fact, it is believed that measures of this 
type taken by the operators of transport aircraft, and 
properly explained to those who ride them as passengers, 
serve rather to increase the passenger’s sense of security 
and may well constitute an incentive to the further use 
of air transportation. The traveling public has never 
refused to ride trains because of the installation of 
safety devices such as automatic block signals, steel 
cars, fire extinguishers, etc., nor have they boycotted 
the steamship lines because of the presence of life 
boats and frequent ‘abandon ship’ drills. The intelli- 
gent passenger cannot fail to appreciate the carrier, 
who, recognizing certain dangers inherent in the 
method of transportation used, takes every precaution 
within his power to assure his safe arrival. 


“Tt must be emphasized that all statistics indicate 
that airplanes will continue to undergo crash landings. 
The weight of opinion would appear to support the 
theory that most, if not all, passengers involved in this 
type of accident could survive the impact and that 
chances of survival in fires resulting from crash land- 
ings would be substantially increased. If the rearward- 
seating principle is disregarded, these passengers will 
die. It may well be economically unfeasible to modify 
present aircraft, but when lives are balanced against 
dollars, there can be no excuse to continue designing 
new aircraft without embodying this safety factor.” 


19 THIS YOUR YES] 252 274 4 6 163 835 
First BAcKwaro 46 78 19 - 41 185 
was your take 293 327 70 7 15 195 918 
OFF SATISFACTORY 0 4 8 2 = 2 
| 17 6! = = 7 86 
1S YouR visiaiLiTy YES 240 252 90 5 7 12 186 792__ 
/MPROVED By THIS = 49 47 92 36 2 4 7 191 
was your LANDING 277 331 122 7 12 191 951 
saTisFacTory + NO 12 16 3 8 42 
9 = = 5 27 
CONSIDERING sarery 282 333 6 14 185 959 
DoyvouravoR "0 12 17 4 10 4 
THIS IDEA? 4 2 - - 9 16 
SHOULD WE REVERSE 26! 297 121 6 9 14 | 896 
SEATS? 4 20 4 ~ 39 
298 352 133 204 1020 


Passenger opinions of backward seating. 


A.T.C. Staff Report, April, 1947. 
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It is apparent that, with equal strength of structure, 
the rear-facing seats still offer more crash safety than 
the forward-facing seats. The problems of turning the 
seats around and attaching them securely have already 
been solved by Military Air Transport Service and by 
the British domestic air lines. What the British can 
do, the United States can do. 


The next 10 years of aviation progress will not wait 
for another 700 broken heads to be added to the sta- 
tistics of lucky survivors. Things are getting worse, 
not better. Faster aircraft will crash harder, and their 
occupants will be exposed to higher impacts in accidents. 


Positive progress in the next 10 years is essential in 
the development of crash protection, based on experi- 
mental information already available. Passengers are 
at least entitled to all the safety that can be built into 
air transports without compromising performance. 
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1953-1954 1.A.S. Roster. 


Last Call for Roster Listing 


In order that the 1953-1954 I.A.S. Roster of Members be as complete and accurate as pos- 


sible, a last call is being issued for required data concerning present employment and titles and 
preferred mailing addresses of |.A.S. members. 


Some members have failed to send in their completed roster data cards. Make sure that 
your data card is filed immediately. This is your 


ast opportunity to be correctly listed in the 
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Impact of Modern Aviation on Health 


Lt. Col. Harold V. Ellingson, U.S.A.F. (M.C.) 
U.S.A.F. School of Aviation Medicine 


INTRODUCTION 


gee TITLE OF THIS PAPER is admittedly rather broad, 
and therefore it seems logical to arrange this sub- 
ject into three categories: (1) health hazards in aircraft 
operation, which includes the problems of noise, crash 
injury, hypoxia, and radiation; (2) health hazards in air 
travel, and (3) some improvements in health for which 
aviation deserves some measure of credit. 


HEALTH HAZARDS IN AIRCRAFT OPERATION 


I should like to mention a few of the hazards that are 
closely related to industrial medicine and toxicology and 
which are encountered in aircraft operation. 

We need not wait for NEPA to encounter radiation 
hazards. Certain electronic tubes already in use con- 
tain radioactive components and present hazards in 
storage and handling. Radioactive tracers are finding 
increasing application in industrial research on aircraft 
engines and equipment. 

Carbon monoxide presents a peculiar hazard in 
operation of aircraft, because this gas combines with 
hemoglobin in the blood and impairs its oxygen-carry- 
ing capacity. A concentration of 100 parts per million, 
which is permissible on the ground, is dangerous in 
flight. If such a concentration, because of leaks in the 
heating system, were present in a pressurized cabin with 
a pressure-altitude of 8,000 ft., the occupants would be 
subjected to the same degree of oxygen-deprivation as if 
they were actually at about 11,000 ft. 

Fire extinguishants present some peculiar problems in 
aircraft operation. In many types of airplanes, fires in 
stations will actuate an automatic built-in 
extinguishing system. The fire is frequently controlled, 
and the flight is continued. 


certain 


A serious hazard may exist, 
however, if the extinguishing agent contaminates the 
cabin air. Substances being used in these systems in- 
clude carbon dioxide, methyl bromide, and_ chloro- 
bromo-methane. Carbon dioxide is the least toxic, but 
even this material, in a number of episodes, has been 
discharged into cabin air in such concentrations as to 
cause violent coughing, nausea, headache, and dizziness. 
Methyl-bromide systems have a number of advantages 
one being that of lighter weight (by comparison with 
CO: systems)—but this material is extremely toxic. 
Chloro-bromo-methane is much less toxic and is now 
being substituted for methyl bromide in most fixed 
systems. It is, however, a narcotic; instead of being 
intoxicated, victims may be merely put to sleep! A 
Presented at the Aviation Medicine Session, Twenty-First 
Annual meeting, I.A.S., New York, January 26-29, 1953. 


newer extinguishant,  di-fluoro-di-bromo-methane, 
shows great promise and may, in turn, replace chloro- 
bromo-methane. 

New solvents, new degreasing agents, and new fuels 
and additives to fuels are being introduced. In the 
military services, at least, we sometimes find materials 
in use before adequate toxicological research has been 
carried out. It must be a firm policy of aircraft 
operating agencies that any new substance carried aloft 
or used in ground operations must have careful toxico- 
logical examination before it is used. 


HEALTH HAZARDS IN AIR TRAVEL 


There are two health problems related to air travel 
which will be discussed briefly: the spread of communi- 
cable disease and the transplantation of harmful insects. 

Travel itself—previously by surface means—has for 
centuries been the principal factor in propagation of 
communicable diseases and the spread of harmful 
insects from continent to continent. Influenza, in 1918, 
was spread around the world in a few weeks—as fast as 
ships and trains could carry it. Cholera has been trans- 
mitted around the world many times through surface 
travel. We recall the outbreak of cholera in Egypt in 
1947, when military personnel en route from India 
introduced the disease and started an epidemic causing 
over 10,000 deaths. We remember, too, the outbreak 
of smallpox in New York City in 1947, when a traveler 
from Mexico City made the journey to New York 
during the incubation period of the disease and caused a 
small epidemic of 15 cases, with two deaths. 

In the field of insect dissemination, we saw the 
dangers of introduction of a new insect species into a 
country in the 1930's, when the mosquito, Anopheles 
gambiae, was carried from Africa to Brazil by a fast ship. 
A. gambiae is a much more vicious human biter and a 
much more effective carrier of malaria than any species 
previously known in Brazil. As the newcomer spread 
up the coast and inland along the rivers of Brazil, it 
caused a tremendous increase in deaths from malaria. 
Under the influence of the new mosquito carrier, malaria 
took on the appearance of a new disease. 
was finally eliminated from Brazil in 1940 
after an extremely expensive campaign. 


The species 
but only 


At first glance, it would appear that travel by air 
might materially increase these hazards. As air-trans- 
port speeds enter the 500 m.p.h. bracket, it becomes 
possible to travel between any two points in the world 
within the incubation period of practically any com- 
municable disease. A person might, for instance, be 
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exposed to a new strain of influenza in Rome on Friday 
and come down with the disease in Chicago on Sunday 
morning, exposing new victims not only en route but 
also at his destination. Or a traveler from Okinawa, in- 
fected with Japanese B encephalitis, might easily reach 

in less than 1 day—-a mosquito-infested rural section 
of California, where the disease might be propagated. 
Tse-tse flies might conceivably board an aircraft in 
central Africa and reach a tropical area in South 
America in 4 hours! 


The threat from these hazards is increased as the net- 
work of air lines is expanded and as airports are 
established within the historic centers of many diseases 
and within areas infested by several dangerous insects. 
And as high-density, low-cost air transportation becomes 
more readily available, economically, new reservoirs of 
human disease may be tapped. 

Actually, however, the record of the airplane in the 
spread of disease has thus far been remarkably good. 
There have been only a few instances of the spread of 
disease through air travel. In 1947, the airplane 
shared some of the blame for outbreaks of smallpox in 
Seattle and San Francisco. Servicemen returning from 
the Far East—some of them by air—brought the 
disease from Japan and Korea. Eighty-one cases of 
smallpox and 20 deaths occurred in these outbreaks. 
Another episode occurred in England in 1951, when an 
R.A.F, officer flew home from India during what was 
later found to be the incubation period of smallpox. He 
exposed a number of people before his own case was 
recognized, and in the resulting outbreak there were 28 
cases and 10 deaths. But instances such as these have 
fortunately been extremely rare. 

In the matter of insect dissemination, as well, aviation 
appears to have had a relatively good record. There is 
reason to believe that military air transportation may 
have contributed significantly to the introduction, 
during World War II, of 28 new species of insects into 
Hawaii. A few new species of mosquitoes have ap- 
parently been carried to airports in Florida, but 
fortunately multiplication appears not to have taken 
place. 

What factors have been responsible for aviation’s 
relatively good record? There are several factors, most 
important of which is the operation of the International 
Quarantine Program, which was based on long experi- 
ence with sea travel and was modified to cover air 
transportation. This program encompasses several 
groups of activities: (1) control of disease and insects 
in areas adjacent to international airports by local 
health agencies; (2) immunization of travelers against 
several important diseases such as smallpox, yellow 
fever, and cholera; (3) insect control aboard aircraft in 
international journeys; and (4) epidemic intelligence, 
the distribution of knowledge on the world incidence of 
certain diseases, now accomplished through publications 
of the World Health Organization. Besides the opera- 
tion of the International Quarantine Program, another 
fortunate factor has been the general world-wide im- 
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provement in health and sanitation which has been 
going on concurrently with the rapid expansion of air 
transport networks and which will be mentioned again 
later. Still another favorable factor is that, because of 
economic selection, the people who travel by air are the 
best educated, the cleanest, and, in general, the 
healthiest group of travelers in the world. 


Does the International Quarantine Program provide 
complete control of health hazards in air travel? We 
should recognize that it does not and that complacency 
is not justified. Several serious potential threats exist 


(1) The International Sanitary Regulations cover 
only a few diseases. Dissemination of a number oi 
other important diseases might be accelerated by air 
travel. Pandemic-type influenza, for instance, might 
cause a grave threat to world health if it should again 
occur, since it might be spread around the world in days 
instead of weeks. In the face of such rapid propagation 
through air travel, we should not have time to develop 
and administer proper vaccines. 


(2) Even among diseases covered by the Interna 
tional Sanitary Regulations, several hazards exist: (a 
Dissemination of smallpox remains a danger because 
many parts of the world—including most of the U.S.A. 

are vulnerable to the introduction of the disease. We 
now recognize that immunity following vaccination 
is not lifelong; except in a few cities where programs of 
adult immunization have been carried out, probably less 
than one-fourth of our population is actually immune. 
Furthermore, we are becoming aware of some of the pit 
falls in administration of vaccine. In 1946, we had 121 
cases of smallpox among our troops in Japan and Korea. 
All of these men had been vaccinated, but it was 
obvious that the vaccination had not been done properly. 
(b) Dissemination of yellow fever is a serious potential 
threat, because, although the disease is at present con- 
fined to Africa and South and Central America, the 
mosquito carriers of the disease are distributed in a 
broad band around the world. Much of the world is 
vulnerable to yellow fever because of the presence of 
significant numbers of Aedes aegypti; if infected insects 
or human patients were introduced into these areas, 
major outbreaks might occur. 


(3) Transplantation of insects is a constant potential 
threat. Control at airports and aboard aircraft re- 
quires diligent, conscientious operators. Automatic 
insecticide dispensers for use on aircraft have been 
developed but have not been enthusiastically received, 
because of technical difficulties. If the vigilance of 
operators should ever be relaxed, the costly Brazilian 
experience might be repeated. 


AVIATION As A STIMULUS TO HEALTH IMPROVEMENT 


We have considered only some of the health hazards 
associated with air travel and aircraft operation. Now, 
by contrast, let us consider some of the improvements in 
world health for which credit belongs, at least in part, to 
aviation. 
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IMPACT OF MODERN 


International air travel has accelerated international 
cooperation in matters of disease control. The Inter- 
national Quarantine Program is not the ultimate 
answer in control of disease; it is simply a crutch that 
may be discarded when all parts of the world reach a 
high level of health and sanitation. But the meetings 
of the World Health Organization, concerned with the 
International Sanitary Regulations, have been attended 
by a degree of international agreement which has been 
most commendable. One of the meetings produced this 
concept: “A community is more effectively protected 
against pestilential disease by its own public health 
service than by sheltering behind a barrier of quarantine 
measures.’ These meetings have coordinated, to a 
considerable degree, the various countries’ solutions of 
their own health problems. 


Furthermore, international air travel has provided a 
concrete incentive for improvement of health and 
sanitation. In order to simplify air travel—and in 
some cases to qualify for it—communities have been re- 
quired to carry out extensive programs of insect control, 
sanitation, and health improvement in regions of inter- 
national airports. Such programs, once begun, are 
being extended in many instances to the surrounding 
country. 


Aviation is providing still another factor in improve- 
ment of health, by extending—through air trans- 
portation of patients—the geographic coverage of the 
great medical centers. In the military services, 
through air evacuation of patients from the combat 
zones, we have been able to provide better medical care 
at less expense than if surface transportation were used. 
We have avoided costly hospital centers in overseas 
areas by flying patients back to the United States, 
where specialized teams and equipment are available. 
At the School of Aviation Medicine we have developed 
a rather specialized air evacuation service for the 
transportation of patients with poliomyelitis. In the 
past year, we have transported in the neighborhood of a 
hundred of these patients—many requiring respirator 
care in flight—-from small dispensaries and isolated 
stations to larger hospitals where proper nursing care is 
available. A particularly colorful example of the air 
evacuation program is seen in Alaska, where the Air 
Force 10th Rescue Group flies “‘mercy’’ missions 
routinely, to the most remote villages in the territory, 
to pick up sick Eskimos and Indians and bring them to 
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hospitals in larger cities. In civilian life as well, patient 
transportation is becoming increasingly important. 
The great medical centers of New York City, the Mayo 
Clinic, and many other institutions are now drawing 
their patients from the entire country and even from a 
large part of the world. Air evacuation is changing 
many of our concepts on the distribution of medical 
facilities. 

Still another contribution of aviation is the provision 
of uniquely effective tools for insect control. Con- 
ventional-type aircraft and helicopters permit operators 
to deliver insecticidal sprays to 50 times the area that 
could be covered by ground crews in the same time and 
also permit delivery to terrain that would be inaccessible 
to ground crews. Through the use of aircraft, it has 
become feasible to control all insect life in critical areas. 


FUTURE REQUIREMENTS 


Despite aviation’s contributions to health, it still 
presents several rather unique hazards: rapid dissemi- 
nation of smallpox, yellow fever, influenza, and perhaps 
other diseases; the spread of a few species of harmful 
insects; and certain dangers inherent in aircraft 
operation and flight. Aviation’s record has thus far 
been surprisingly good. Vigilance in several areas is 
required if this record is to be maintained: 

(1) Aircraft designers and manufacturers are called 
upon for great contributions in promotion of flying 
safety and in equipment and procedures to facilitate 
application of health precautions. 

(2) Until world health is brought to uniformly high 
levels, vigilance is required of aircraft operators in ful- 
filling requirements of the International Quarantine 
Program. I might point out that this responsibility is 
especially heavy on the military services, since military 
operations sometimes preclude the maintenance of 
normal quarantine procedures. 

(3) Health agencies of the entire world must main- 
tain their alertness and cooperation in controlling not 
only those diseases covered by International Sanitary 
Regulations but many other diseases as well. Disease 
must be controlled throughout the whole world 
through sanitation, insect control, and immunization 
before we can consider ourselves safe. 

(4) Finally, a well-informed vigilant public is re- 
quired so that health agencies may have proper co- 
operation and support. 
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Air Power and New Weapons 
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tion—nor, I daresay, yours—that most of them are 
heralded as promising to make one military vehicle 
obsolete. That vehicle is always the airplane. Older 
vehicles and ways of war appear in these vague proph- 
ecies as somehow more useful than ever. 

If we are to be persuaded that the influence of the 
airplane is really on the decline, other arguments must 
be used than those filled with phrases like ‘‘in the near 
future,” ‘‘in the not too distant future,’ and “‘just over 
the horizon.”’ 

What is the impact of new weapons on air power? 
The answer is simple. Air power is the ability to fight 
in and through the space surrounding the globe. Air 
power’s wartime mission is to destroy the enemy's 
ability to make war against us. 

Air power was created out of vehicles and weapons 
made available to us by science, and it constantly seeks 
new ones. 

The United States Air Force has never been tied to a 
single weapon or system of weapons. Its interest ex- 
cludes only those peculiar to warfare on land or sea 
weapons that have been established as the province of 
other military services. Its interest includes all weapons 
for fighting in and through the air. Aircraft and air 
missiles, both inhabited and uninhabited, all contrib- 
ute to the Air Force mission and are essential parts of 
an air weapons system. 

Piloted aircraft and pilotless aircraft are designed to 
discharge the same functions under differing conditions 
and to assist and complement each other under all 
conditions. Missiles are designed, constructed, and 
operated in much the same manner as conventional air- 
planes and usually by the same people. Piloted and 
pilotless aircraft are guided, directed, and controlled 
in the same way, by the same devices, and necessarily 
by the same authority. 

Even if our pilots were jealous of missiles, which they 
are not, the Air Force would continue to sponsor their 
development in accordance with its principle that a 
man should never be given a job that a machine can do 
as well. And we would certainly never waste a man on 
one that a machine can do better. 

I say ‘‘continue to sponsor’ because the Air Force 
began developing and flying pilotless aircraft not in 
World War II but in World War I. Some of you will 
recall that one of the greatest of all airmen—Gen. Hap 
Arnold—went to France in World War I as a project 
officer for the famous ‘‘Bug,”’ an early pilotless aircraft. 

Let me quote from his autobiography: ‘Early in the 
fall of 1917, working with the Sperry Company and with 
Kettering’s Delco firm, we developed—not merely ex- 
perimented with, but successfully tested—two pilotless 
planes. One was a full-sized airplane, equipped with 
complete gyroscope controls.” 

General Arnold’s personal project, the ““Bug,’’ was 
a smaller plane, but it had positive altitude and direc- 


tional controls activated by a barometer and gyro- 
scope and reached its target by the same kind of preset 
aiming as the German V-1 of World War II. © Tables of 
Organization were drawn up for air squadrons to launch 
thousands of ‘“‘Bugs’’ a day, but the war ended before 
General Pershing could give his final approval. 

In 1941, General Arnold called in Mr. Kettering and 
Mr. Knudsen to revive the ‘““Bug’’ project and bring it 
up to date, but they abandoned it because of its limited 
range and low accuracy as compared with piloted 
bombers. The Air Force used pilotless aircraft to a 
limited extent later in the war. But only long-range 
bombers and reconnaissance planes could reach the im- 
portant targets deep in enemy territory—just as today. 

Our concentration on range and accuracy, then as 
now, was dictated by geography rather than by limita- 
tions of technology or by mere personal preference. 
Germany's huge investment in missiles was also dic- 
tated by geography, since England’s vital industrial 
targets were within a missile’s easy reach. 

In the lean years prior to World War II, General 
Arnold greatly strengthened the Air Force’s link with 
science and industry. As Hap put it: ‘‘Few high- 
ranking officers seemed aware of the close relationship 
developing between these specialists and the little Air 
Corps—a relationship that was to grow to such impor- 
tance in World War II that civilian scientists would 
work side by side with staff officers in our overseas 
operational commands, frequently flying on combat 
missions to increase their data.’’ He and General 
Westover were constantly in touch with such members 
of the National Research Council as Millikan, Bush, 
Kettering, Compton, Briggs, and Conant. 

Once he invited Gen. George Marshall to lunch with 
a group of these men. ‘‘What on earth are you doing 
with people like that?’’ asked General Marshall. 

“Using them,’’ Hap replied. ‘Using their brains.”’ 

Hap’s willingness to use the best brains whenever he 
could find them helped to shorten World War II. 
General Spaatz and I continued the practice, and it 
has now become habitual in the Air Force. We hope it 
will help to prevent World War III. The Air Force is 
in no way a competitor of civil manufacturers, civil re 
search agencies, or civilian scientists. Instead, it is 
their principal sponsor and customer, and it is increas 
ingly dependent upon them. 

The Air Force does not indulge in sensational pre- 
dictions about atomic-powered planes, intercontinental 
missiles, and electronic robots. Nevertheless, we are 
working in all these areas and we are making progress. 
We are putting into missile research and development 
an effort comparable to what we are devoting to con 
ventional aircraft. 

We need your help, more and more of it, for all our 
projects, and they are many. With the increasing com- 
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The tuture of automatic 


Hight is being shaped here 


In discharging its responsibilities as the world’s largest 
producer of aviation instruments and accessories, Eclipse- 
Pioneer must be constantly developing and testing for 
the future, as well as maintaining the highest possible 
quality performance in today’s products. To accomplish 
this complex two-fold job requires far more than just 
ordinary methods and facilities. One of many of Eclipse- 
Pioneer’s unique facilities is a high-precision analog 
computer installation used for testing and advancing 
world-famous E-P automatic flight systems. Capable of 
solving problems involving 28th order differential 
equations having as many as twenty continuously vary- 
ing coefficients, this electronic brain’s answers to simu- 
lated flight conditions and related problems are impor- 
tant not only in attaining highest performance in present 
systems, but also in hastening the tomorrow when more 
complete, more efficient flight systems will make the 
automatic airplane completely practical. Here is genuine 
evidence and a typical example of the way Eclipse- 
Pioneer is working to produce constantly better and 
better precision products for the world of flight. 
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l.A.S. Previews 


The Aerodynamic Profile as Acoustic Noise 
Generator 


By 
Max Kramer 


Coleman Engineering Company 


Everybody knows that fast-moving 
aerodynamic profiles, such as_ propeller 
blades, are about the noisiest thing on 
earth. This noise has been carefully 
studied in the past. The result was that 
propeller noise consists of two entirely 
different components. First, there is the 
rotational noise that is caused by the varia 
tion in distance of the pressure source 
from the observer. By nature, this noise 
is mainly emitted in the plane of rotation 
and contains strong peaks at the funda- 
mental and the harmonics of the number 
of blades times the revolutions per second. 
This component of the noise has been 
theoretically investigated, and there is 
good agreement with measurements. Sec 
ond, propeller noise consists of the profile 
noise, or vortex noise. The profile noise 
is best heard near the axis of rotation, 
since there the rotational noise theoreti- 
cally is zero. Explanations of the origin 
of this profile noise have often been at- 
tempted. However, even the most re- 
cent explanation fails to make under- 
standable the outstanding role that the 
Mach Number plays in profile noise. 

The paper discusses a recent explana- 
tion of profile noise, reports some new ex- 
periments on the matter, and, finally, 
states the author’s opinion or the pre- 
dominating source of profile noise 


Stability Derivatives for a Slender Missile 
with Application to a Wing-Body-Vertical 
Tail Configuration 


By 
Arthur E. Bryson, Jr. 
Hughes Aircrait Company 


Theoretical stability derivatives are 
determined for a slender missile through 
use of the concept of inertia coefficients of 
its eross section. The inertia coefficients 
are determined by the velocity potentials 
for two-dimensional motion of the cross 


Summaries 


section i: two mutually perpendicular 


directions and for rotation about an axis 
perpendicular to the cross section. The 
inertia coefficients are derived for the cross 
section of a configuration consisting of 
a slender body of revolution with low 
aspect ratio wings and unequal vertical 
tails. 


Oscillating Airfoils at High Mach Number 


By 
M. J. Lighthill 
University of Manchester, England 


A simple formula is given for the pres- 
sure distribution on an oscillating airfoil 
in two-dimensional flow at high Mach 
Number. The formula is expected to be 
reasonably accurate if the pressure on 
the surface remains within the range 0.2 
to 3.5 times the main-stream pressure. 
To illustrate the application of the for- 
mula, some results for symmetrical air- 
foils performing pitching oscillations are 
obtained and compared with results ob- 
tained from existing theories in the case 
of high Mach Number. 


An Experimental Study of Natural Vibrations 
of Cantilevered Triangular Plates 


By 
P. N. Gustafson, W. F. Stokey, and C. F. 
Zorowski 


Carnegie Institute of Technology 


Experimental results are obtained for 
the lowest six natural frequencies and the 
associated nodal lines of triangular plates 
of uniform thickness clamped on one edge. 
Two series of plates are examined. In one 
series, a delta-wing plan form of fixed 
span is maintained, and five plates are 
examined having aspect ratios ranging 
from 2 to 20. In the other series, a 
fixed span and a fixed root chord are 
maintained, and five plates are examined 
having mean-chord line sweepback angles 
ranging from 0 to 45°. Test results are 
presented by graphs and photographs. 
These results show that in the delta-wing 
plan form of fixed span, the frequency 
of each of the six modes increases as the 
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aspect ratio 7ncreases—that is, as the root 
chord is made smaller. No such general 
property is exhibited by the plates in the 
sweepback series, except for the ‘“‘bending”’ 
modes, where the frequencies decrease 
with increasing angle of sweepback. A 
simple method is described for finding 
the natural frequencies of a plate of any 
size, thickness, and material, as long as its 
plan form is similar to one of the plates 
used in the experiments, or any other plate 
whose frequencies are known. 


Soime Effects of Surface Curvature on 
Laminar Boundary-Layer Flow 


By 
James S. Murphy 
University of Michigan 


The laminar flow of a viscous incompres- 
sible fluid over a two-dimensional curved 
surface is investigated for two cases, one 
in which the curvature is ‘‘large’’ and the 
other in which it is ‘‘moderate.’’ The 
boundary-layer equations applicable to 
these cases are obtained as approximations 
from the exact equations of motion 
by order-of-magnitude analysis. 
These equations are solved for flow over a 
particular surface with zero surface pres- 
sure gradient. In this analysis, the pres- 
sure gradient normal to the surface is 
included, and the outer boundary condi- 
tions are modified in accordance with 
the requirements of flow over a curved 
surface. 

The results indicate that, for equal 
Reynolds Numbers, the stress on convex 
surfaces is less than the flat-plate value, 
while the stress on concave surfaces is 
greater than for a flat plate. The most 
important effect of surface curvature, 
for the cases considered, is the modifica- 
tion of the shape of the velocity profile 
near the ‘‘outer edge’’ of the boundary 
layer. The requirement that a smooth 
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transition exist between the viscous 
flow and the potential flow at the outer 
edge of the layer causes the profiles to 
have a negative slope near the outer edge 
for convex surface curvature and a posi- 
tive slope for concave surface curvature. 


Calculation Method for Three-Dimensional 
Rotationally Symmetric Laminar Boundary 
Layers with Arbitrary Free-Stream Velocity 
and Arbitrary Wall- Temperature Variation 


By 
Robert M. Drake, Jr. 
University of California at Berkeley 


A calculation method is presented en- 
abling a rapid prediction of the distri- 
bution of the local skin-friction and heat- 
transfer coefficients to be made for rota- 
tionally symmetric bodies having arbitrar- 
ily specified free-stream velocity distri- 
butions and surface-temperature varia- 
tions for constant-property, incompres- 
sible laminar boundary-layer flows. The 
method utilizes the Mangler transforma- 
tion asa basis, thus enabling the results 
calculated by Hartree and Levy for the 
two-dimensional case to be used directly 
in the determination of boundary-layer 
quantities for the three-dimensional case. 

Example results using the proposed 
method are presented in the form of the 
boundary-layer momentun 


and displace- 
ment thicknesses, the skin-friction co- 
efficients, and the heat-transfer coef- 
ficients for a three-dimensional half- 
body with constant surface temperature. 
These results, utilizing the Hartree veloc- 
ity profiles, are compared with similar 
results obtained by Scholkemeier utilizing 
the Pohlhausen /P-4 velocity profiles 
The skin-friction coefficient for stagnation- 
point flow as obtained by the approxi- 
mate method is compared with the exact 
solution for this region given by Homann 
to show excellent agreement 


Conical Potential Solutions in Linearized 
Supersonic Flow 


By 
George Morikawa 
Office of Naval Research 


An important concept in the develop- 
ment of linearized supersonic flow theory 
is the conical flow theory originated by 
A. Busemann wherein conical boundary- 
value problems are considered in which 
the velocity components are conical. At- 
tention is focused in this paper on strip- 
type boundary-value problems in which 
the potential itself is conical. In appli- 
cation, conical potential solutions are use- 
ful in the calculation of spanwise and 
chordwise lift distributions of twisted 
wings. 
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News of Members 


(Continued from page 25) 


the Order of the British Empire for 
services to civil aviation. Lord Bra- 
bazon’s name was included in the 
Prime Minister’s New Year Honours 
List. 


p» Witold Brzozowski (M.), Consult- 
ant, was recently granted U.S. Patent 
2,601,258 for a jet-operated helicopter 
that expels high-pressure gas from 
nozzles in the wing tips. Gas, com- 
pressed in the fuselage, is piped up 
through the pylon to the rotor and 
thence through the blades to the noz- 
zles from which it is expelled into the 
atmosphere. Mr. Brzozowski has as- 
signed his patent rights to Stefan 
Czarnecki, of Walden, N.Y. 


» George H. Buchner (M.), Man 
ager, Spare Parts Administration, 
Northrop Aircraft, Inc., has been 
elected National Chairman of the 
Spare Parts Committee of the Air- 
craft Industries Association. As 
chairman of this committee, Mr. 
Buchner is in charge of organizing 
meetings and programs intended to 
coordinate spare parts supply activi 
ties between the parts and customers. 


p> Walter Fitch (A.M.), Consultant, 
Methods Engineering, Wichita Divi- 
sion, Boeing Airplane Company, was 
recently elected an Associate of the 
Royal Aeronautical Society, Great 
Britain. 


NEW POSITION 

William L. Greene (M.) was recently 
appointed Vice-President—Engineering and 
General Manager of Engineering and 
Research Corporation, following the success 
ful completion of the first Flightronic simu- 
lators. He joined Erco in 1937 as a Junior 
Engineer. In later years, as Erco’s Chief 
Engineer, he prepared the company for its 
entry into the electronic flight simulator 
field. 


I. AS. NEWS 


> Martin Goland (A.F.), Associate 
Director for Engineering, Midwest Re- 
search Institute, was recently elected 
a Regional Councilor of the Office 
of Ordnance Research. Mr. Goland, 
as one of eleven regional councilors 
selected from leading U.S. scientists, 
will act as liaison between the U.S. 
Army Ordnance Corps and universi- 
ties and other institutions throughout 
the Middle West. 


> James Lew (M.), Contract Ad- 
ministrator, Beech Aircraft Corpora- 
tion, is heading a special committee 
recently formed to expedite the pro- 
duction of the Beechcraft T-36A by 
coordinating the activities of the eight 
separate departments and divisions 
concerned with its production and 
assisting the T-36A subcontractors. 
Mr. Lew’s contract administration 
duties will be temporarily assumed by 
his assistant during the period in 
which this special committee is in 
operation. 

>» Dr. Ross A. McFarland (M.), 
Associate Professor of Industrial Hy- 
giene, School of Public Health, Har- 
vard University, has had published by 
McGraw-Hill Book Company, Inc., 
his latest book, entitled ‘‘Human 
Factors in Air Transportation.”’ 

p> E. W. Robischon (M.), Western 
Region Manager, Institute of the 
Aeronautical Sciences, was given a 3 to 
4 months’ leave of absence from his 
I.A.S. post in order to serve under 
Dr. Theodore von Karman, H.F.I.- 
A.S., as a Consultant to the Advisory 
Group for Aeronautical Research and 


PROMOTED BY NORDEN 


Boone T. Guyton (M.), who has been in 
charge of Contract Liaison and Public 
Relations for Norden Instruments, Inc., was 
recently named Manager of Government 
Sales and Service for the company. In this 
new position, Mr. Guyton retains the 
responsibilities of his former post. His 
new duties include responsibility for Nor- 
den’s Field Service program and its Govern- 
ment sales activity. 


Development, North Atlantic Treaty 
Organization, Paris. Mr. Robischon 
sailed for France on January 31. 


p> Vice Admiral Charles E. Rosen- 
dahl, U.S.N. (Ret.) (F.), was on 
January 26 appointed Executive Di- 
rector of the National Air Transport 
Coordinating Committee. The 
N.A.T.C.C. is the industry-wide civil 
aviation committee studying air trans- 
port problems in the Greater New 
York Area. 


Members on the Move 


The purpose of this section is to provide 
information concerning the latest affili- 
ations of I.A.S. members. All members 
are therefore urged to notify the News 
Editor of changes as soon as they occur. 


Dr. William F. Ballhaus (A.F.), Assist- 
ant Chief Engineer in charge of Analytical 
Activities, Northrop Aircraft, Inc. Form- 
erly, Chief of Preliminary Design, Fort 
Worth Plant, Consolidated Vultee Air- 
craft Corporation. 

C. W. Bogart (T.M.), Aerodynamics 
Engineer, The Glenn L. Martin Company. 
Formerly, Aeronautical Engineer, Office of 
Bureau of Aeronautics Representative, 
Akron, Ohio. 

Joseph M. Chase (A.M.), Manager, 
Division of Aircraft Maintenance and 
Equipment, Flight Safety Foundation, 
Inc. Formerly, Manager, Aviation Un- 
derwriting Department, Lumbermens Mu- 
tual Casualty Company. 

Jerry J. Feldman (T.M.), now Service 
Engineer, Sales Depar ment, The Aviation 
Engineering Corporation. 


(Continued on page 90) 


JOINS DOMAN 


John W. Mazur (M.) recently accepted the 
position as Chief Design Engineer with 
Doman Helicopter, Inc. Mr. Mazur, who 
received his aeromechanical engineering 
degree from Purdue University in 1939 and 
his M.S. degree from the University of 
Maryland not long ago, was formerly 
Senior Project Engineer, Rotary Wing 
Branch, Flight Test Divisicn, Naval Air 
Test Center, Patuxent River, Md. 
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From left to right: C. W. Lefever, Vice-President, Mid-East Region, A.H.S.; Col. Wm. B. Bunker, Chief, Air Transport Service Division, 


U.S. Army; Alfred |. Roman, New York; Grahame H. Aldrich, Air Transport Association; Dr. J. A. J. Bennett, Hiller Helicopters, Palo 
Alto, Calif.; Ralph H. McClarren, Program Chairman, 2nd C.A.C. 


2nd Convertible Aircraft Congress 
Philadelphia Sections of the |.A.S. and A.H.S. Help Cosponsor 


December Meeting. 


The Pioneers in Convertible Aircraft, together with the 
local members of the American Helicopter Society and the 
Institute, held a 1-day meeting in Philadelphia, December 
12. Captain Ralph Barnaby, Chairman, and Ralph H. 
McClarren, Co-Chairman, headed-up the arrangements 
committee for the Congress. Morning and afternoon 
technical sessions, a get-together luncheon, and a dinner in 
the evening gave participants ample opportunity to dis 
cuss current developments in the field of convertible 
aircraft. 

Twelve papers were presented during the day in meet- 
ings held at the Franklin Institute. Harry Tobey, Chair- 
man of the I.A.S. Philadelphia Section, and C. W. Lefever, 
Vice-President of the A.H.S. Mid-East area, served, re 
spectively, as chairmen of the morning and afternoon 
technical sessions. Papers and discussions were presented 
as follows: 


New Comments on Configurations—Louis de Monge de 
Franeau. 

Super Speed Converti-Planes for Military and Commercial 
Use—Alfred I. Roman. 

Composite Aircraft with Rotary- and Fixed-Wing Com- 
ponents—Dr. J. A. J. Bennett. 


The Operable Model of the S. S. S. Convertoplane—Ger- 
ard P. Herrick. 


Jet Propulsion for Convertaplanes— David C. Prince. 


Published Proceedings Now Available. 


Basic Design Philosophy—E. Burke Wilford. 

The High-Speed Convertiplane—Frederick M. Gloeckler 

Movies of Free-Flight Model Convertiplane—Lawrence 
M. Patrick. 

Airplane Appraisal of Convertible Aircraft--Grahame H 
Aldrich. 

The Position of the Convertible Aircraft in Army Aviation 

Colonel William B. Bunker, T.C. 
Medvedeff Monocopter—Nicholas J. Medvedeff. 
When Will the Converted Plane Come?—Antoine Gazda 


The Convertaplane—A Historical Résumé and Definition 
E. K. Liberatore. 


e Luncheon and Dinner—A Luncheon was set up in 
Franklin Hall, at which time Grover Loening delivered an 
interesting talk on ‘‘Development of Convertiplane.”’ 
Dinner, preceded by a cocktail hour and meeting of the 
Pioneers,’’ was held at the Hotel Warwick. Approxi 
mately 200 guests were entertained by the ‘‘toastmas 
tery’ of Paul Thomas and an address by the principal 
speaker, Adm. Charles E. Rosendahl, U.S.N. (Ret.), ‘‘Im 
pressions of a Newcomer.” 
® Proceedings Available—A 140-page book, containing 
all of the papers, discussions, and luncheon and dinner 
speeches, has been compiled by the Institute as a service to 
the sponsors. Copies may be obtained from the I.A.S. in 
New York at $3.00 per copy while the limited supply lasts. 
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All in One 


Bridge Detector 
UHF Standing-Wave Indicator 
General Purpose Amplifier 


Type 1231-B Amplifier and Null Detector is a battery-operated, resistance- 

coupled amplifier which may be used as a sensitive bridge detec- 
tor, a general purpose laboratory amplifier, or as a standing-wave indi- 
eator at ultra-high frequez:cies. 


This instrument can de operated either with the usual linear ampli- 
fier characteristic or with a semi-logarithmic characteristic which makes 
it useful as a sensitive visual null detector in bridge measurements. For 
linear operation, the voltmeter scale has two ranges of two volts and 
twenty volts, respectively. At the semi-logarithmic position, and at 
maximum gain, less than 15 microvolts will produce a perceptable meter 
deflection, while more than 4,500 microvolts are required to drive the 
meter off scale. A built-in vacuum-tube voltmeter measures output voli- 
age; head telephones can be used for aural indication where preferable. 


High sensitivity combined with wide voltage range permits bridge 
balance with precision and without bothersome gain adjustments. 
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Features 


%& Gain is greater than 70 db at 10 cycles and greater 
than 45 db at 100 kc — at midband (1 kc), maximum 
open-circuit voltage gain is greater than 83 db. 

At ‘‘null detector” position, less than 100 micro- 
volts input gives 10% indication on meter at 1 kc. 

*% Atamplifier’” position, less than 25 wv input at 
1 ke gives 10% indication on sensitive range of meter. 
% Maximum output voltage is 5 volts into 20,000 
ohms ; 20 volts into 1 megohm. 

% Low noise level of 15 microvolts (referred to input) 
can be further reduced along with hum and harmonics, 
by connecting external filter to panel jack. 

*% Input impedance 1s 1 megohm in parallel with 
20 wuf. Output impedance is 50,000 ohms resistive. 
% Push buttons provide convenient operation of input 
attenuator, set the condition of operation, select the 
meter-scale range and check battery voltages. 

% Tubes are mounted on shock-absorbing suspension 
for minimum microphonic effects. 

% Type 1261-A Power Supply Unit can be used to 
operate the Type 1231-B from 40 to 60 cycle a-c lines; 
power supply fits into cabinet in place of battery. 


1231-BM Amplifier and Null Detector, Battery operated $250.00 
1231-BMA Amplifier and Null Detector, a-c operated 370.00 
1231-P2 400 and 1000 cycle Filter 25.00 
1231-P3 60 cycle Filter 20.00 


1231-P5 Adjustable Filter (11 frequencies from 50 c. to 100 kc.) 215.00 


quencies, a 
transmission Line, such as the 
G-R Type §74-' 8, is often used with 
a traveling cryctal detector to measure 
standing- > ratios. If the UHF power 
source is , or amplitude modulated at an 
audio-frequ rate, the rectified output may be 
amplified an.¢ ¢ctected by the Type 1231-B. : 

Themes’ -nsitive input range enables detection of 5 micro- 
volts in the r-‘d-frequency range. This sensitive range was 
incorporated into the instrument’s vacuum-tube voltmeter 
specifically for this application. 


GENERAL RADIO Company 


275 Massachusetts Avenue, Cambridge 39, Massachusetts, U.S.A. 


90 West St NEW YORK 6 920 S. Michigan Ave. CHICAGO 5 1000 N. Seward St. LOS ANGELES 38 


Admittance Meters tx Coarial Elements % Decade Capacitors 
Decade Inductors *% Decade Resistors % Distortion Meters 
Frequency Meters tx Frequency Standards x Geiger Counters 
Impedance Bridges Modulation Meters Oscillators 
Variacs tx Light Meters % Megohmmeters %& Motor Controls 
Noise Meters ¥x Null Detectors * Precision Capacitors 
Pulse Generators tx Signal Generators tx Vibration Meters %x Stroboscopes t Wave Filters 
U-H-F Measuring Equipment * V-T Voltmeters % Wave Analyzers tx Polariscopes 
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Myron B. Gordon (A.F.), President, 
Flight Refueling, Inc. Formerly, Con- 
sultant. 

Clare W. Harris (M.), Assistant Chief 
Engineer in charge of Projects and Com- 
ponents, Northrop Aircraft, Inc. Form- 
erly, Chief of Preliminary Design, North- 
rop. 

Orlin M. Jacobson (T.M.), Missile Test 
Analyst, Guided Missile Division, Con- 
solidated Vultee Aircraft Corporation. 
Formerly, Corporal, U.S. Army. 

Arthur O. Kresse (T.M.), Design Engi- 
neer, Thompson Products, Inc. Form- 
erly, Aeronautical Engineer, Ballistics 
Instrumentation, Ballistic Research Lab- 
oratories, Aberdeen Proving Ground, Md. 

Edward A. Ledeen (M.), Administrative 
Engineer, Aeronca Manufacturing Cor- 
poration. Formerly, Administrative Engi- 
neer, Haines Designed Products Corpora- 
tion. 

Fernand A. Michael (A.M.), Engineer- 
In-Charge, Engine Build-Up and Pro- 
peller Overhaul Departments, Air-India 
International Ltd., Santa Cruz Airport, 
Bombay, India. Formerly, Engineer, 
Propeller Overhaul Department, Air-India 
Ltd. 


John V. Moffitt (M.), now with South- 
west Research Institute, Tex. 


Warrant Officer Charles E. Savo, U.S.N. 
(T.M.), U.S.S. “Wright” (CVL-49), c/o 
Fleet Post Office, New York, N.Y. Form- 
erly, Assistant to Aircraft Engines Officer, 
Staff, ComAirPac, Naval Air Station, San 
Diego, Calif. 


Rex L. Snell (T.M.), Test Engineer, 
Fort Worth Division, Consolidated Vultee 
Aircraft Corporation. Formerly, First 
Lieutenant, U.S.A.F., Design and De- 
velopment Officer, 3080th Aviation Depot 
Squadron, Limestone A.F.B., Me. 


Dr. Phrixos J. Theodorides (A.F.), Re- 
search Professor, Institute for Fluid Dy- 
namics and Applied Mathematics, Uni- 
versity of Maryland. Formerly, Con 
sultant of Aerophysics, U.S. Naval Ord- 
nance Laboratory, Md 


Lysle A. Wood (A/Ii Director of 
Pilotless Aircraft, Boeing Airplane Com- 
pany. Formerly Chief Engineer, Boeing. 


G. E. Woods-Humphery (A.F.), Chair- 
man of the Board, Flight Refueling, Inc 
Formerly, President, Flight Refueling. 


Corporate Member News 


@ Aeroquip Corporation ... According toa 
recent announcement, George J. Fischer 
was elected Vice-President, Sales, and 
Matthew J. Betley was elected Vice-Presi- 
dent, Manufacturing. Mr. Fischer was 
formerly General Sales Manager, and Mr. 
Betley held the position of Works Manager. 


e Airborne Instruments Laboratory, Inc. 
. .. An Applied Electronics Section has 
been formed in Airborne’s Research and 
Engineering Division. 

e@ Beech Aircraft Corporation . . . The 
latest model of the four-place Beechcraft 
Bonanza, the D35, was unveiled on Janu- 
ary 29, and the first one was delivered 2 
days later. The D35 Bonanza cruises at 
175 m.p.h. and tops at 190 m.p.h. At sea 
level, using 20° flaps in a 10 m.p.h. wind, 
it takes off in 525 ft.; the landing run is 
227 ft., using 30° flaps at sea level in a 10 
m.p.h. wind. 

e Bendix Aviation Corporation, Bendix 
Products Division . . . The recently an- 
nounced power steering mechanism that 
replaces the conventional torque link in an 
aircraft nose strut is said to effect savings 
in both space and weight by combining 
steering and normal shock-strut torque- 
link functions in a single mechanism. The 
steering force, it is said, is accomplished by 
power cylinders that replace the upper 
torque link of the usual shock strut, while 
the lower link remains essentially the 
same. Control of the complete unit is 
provided by a control valve operated by 
the pilot. Thus,when the plane is taking 
off, landing, or taxiing, the pilot sets the 
hydraulic forces into motion to steer the 
ship to the right or left or to hold it steady 
in forward motion by simply moving a 
small lever located on a control box at his 
side. This steering device also provides 
for shimmy dampening. 


@ Boeing Airplane Company... Lysle A. 
Wood, A.F.I.A.S., Chief Engineer of 
Boeing since 1948, was recently appointed 
to the newly created post of Director of 
Pilotless Aircraft. A substantial portion 
of the aircraft engineering responsibilities 
have been shifted to George C. Martin, 
Chief Project Engineer—Aircraft, and to 
George S. Schairer, F.I.A.S., Chief of 
Technical Staff. In addition to the duties 
attending their respective positions, Mr. 
Martin has added the service unit and 
engineering administration functions to his 
responsibilities, while Mr. Schairer has 
taken over the overall direction of pre- 
liminary design and flight test. R. H. 
Jewett will continue as Chief Project 
Engineer—Pilotless Aircraft 


@ Consolidated Vultee Aircraft Corpora- 
tion... The new air-evacuation transport 
ordered from Convair by the U.S.A.F. has 
been named the C-131A ‘“Samaritan.”’ 
The Samaritan is based on the design of the 
Convair-Liner 240 Transport. It can 
accommodate 16 litters and 20 rearward- 
facing seats or can have an alternate 
arrangement of 20 additional seats in place 
of the litters. The first of these ships is 
scheduled for delivery in the spring of 
1954. . . . The 80-ton turboprop transport 
seaplane, the R3Y, has been officially 
named ‘‘Tradewind.”’ This seaplane has 
been pressurized for high-altitude cargo- 
transport operations. Its maximum speed 
is over 350 m.p.h., and it takes off within 
30 sec. in a calm. The Tradewind is 
powered with four Allison T40 turboprop 
engines, each of which develops 5,500 hp. 
and is equipped with contrarotating Aero- 
products propellers. 


©@ Douglas Aircraft Company, Inc. 
The DC-7, which, according to company 
claims, will be the world’s fastest piston- 
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powered transport, was scheduled to make 
its first flight during the latter part of 
March. The DC-7 will have a top speed 
of more than 400 m.p.h. and a cruising 
speed of about 360 m.p.h. Depending 
upon the seating arrangement, the DC-7 
will accommodate between 60 and 95 
passengers. 


@ Edo Corporation . . . Cy Fenn, who is 
now in his eighteenth year at Edo, has 
been named Chief Engineer—Mechanical 
of the corporation. As such, Mr. Fenn is 
in charge of all design and engineering 
work involving nonelectrical equipment 
produced by Edo. He was formerly 
Assistant Chief Engineer—Mechanical 


e Esso Standard Oil Company and The 
M. W. Kellogg Company... A contract 
has been awarded to Kellogg by Esso for a 
60,000 barrel per day crude distillation 
unit at Esso’s Bayway (N.J.) refinery 
The unit will be a three-stage plant similar 
in design to two now under construction by 
Kellogg for Esso at its Baton Rouge 
refinery. Construction is scheduled to 
start early this summer. 


e Flight Refueling, Inc... . Myron B 
Gordon, A.F.I.A.S., who was formerly a 
Vice-President of Fairchild Engine and 
Airplane Corporation, was named Presi 
dent of the corporation. G. E. Woods 
Humphery, A.F.1.A.S., became Chairman 
of the Board. Remaining as a Director is 
Sir Alan J. Cobham, Chairman of the 
Board and Managing Director of Flight 
Refuelling, of England, from which the 
controlling interest in the American firm, 
Flight Refueling, was recently purchased 
by Laurance S. Rockefeller, A.M.I.A.S., 
Reaction Motors, Inc., and associates 


e Flight Safety Foundation... Lieutenant 
General Elwood Richard Quesada has been 
named to Flight Safety’s Board of Gover 
nors. General Quesada was at one time 
Commanding General of the Tactical Air 
Command; he is now Vice-President and a 
Director of Olin Industries. 


e@ General Electric Company ... The Air 
Force has approved the construction of a 
new soundproofed addition to G-E’s plant 
near Johnson City, N.Y. This new build 
ing, to be finished some time this year, will 
be used for complete controlled testing of 
aircraft armament systems being built by 
G-E for U.S.A.F. bombers. The building 
will cost in the neighborhood of $600,000, 
while the entire project, including special 
equipment for test cells, will total about 
$980,000. A new Aviation Division 
office has been opened in Midwest City, 
Okla., and will maintain close liaison with 
the U.S.A.F. maintenance and supply 
groups in the Oklahoma City area. It is 
located at 207 Post Office Building in 
Midwest City. 


e G. M. Giannini & Company, Inc... . 
The recently introduced 1'/s-in.-diameter 
multiple-section potentiometer is avail 
able in assemblies of one to six sections 
with a six-section unit requiring an operat- 
ing torque of 0.6 oz.-in. Operating tem- 
perature range is from —54 to +71°C. 
The unit will function during 50g accelera- 
tion applied along any axis, the company 
states. 
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5,000 cubic feet of cargo space... 


__the Douglas Liftmaster 


Flying for the Air Force as C-118A and 
for the Navy as R6D, the Douglas Lift- 
master delivers 14-ton payloads 2850 
miles non-stop—at the lowest cost. 
Outside, Liftmaster shows the same 
aerodynamic lines as its commercial 
counterpart, the DC-6A. Inside, there’s 
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300 m.p.h. cruising speed... 


room for 28,700 pounds of mixed freight. 
Large front and rear doors service cargo 
compartments. A self-powered loading 
elevator lifts 4,000 pounds from truck 
bed height to cabin floor level . . . fits 
either door. Through this combination 
of speed and utility, Liftmaster achieves 


lower cost per ton mile 


theultimate in long-range, low-cost trans- 
portation of military matériel. 
Performance of the Liftmaster is fur- 
ther proof of Douglas leadership in 
aviation. Planes, produced in quantity 
to fly faster and farther with a bigger pay- 


load, are a basic rule of Douglas design. 


First in Aviation 
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e Harvey Machine Company, Inc. . 
Plans for the construction of the first 
rolling mill on the Pacific Coast for the 
production of aluminum sheets, strips, and 
circular shapes have been announced by 
the company. Construction of this new 
$20,000,000 plant will begin as soon as a 
site is selected, it was said. The entire 
project will be built by private financing. 
This new rolling mill, when completed, is 
expected to have a capacity sufficient to 
supply a substantial portion of the alumi- 
num sheet and strip needs of the Pacific 
area manufacturers of aluminum products. 
Another recent announcement told of 
plans to build an aluminum reduction plant 
in Oregon. 


e@ Jack & Heintz, Inc... . : 4 recently pub- 
lished technical bulletin, designated J &@ H 
File No. 1500, covers aircraft reciprocating 
and turbojet engine starters and aircraft- 
type tank starters. The bulletin includes 
complete descriptive data, performance 
curves, cutaway drawings, and photo- 
graphs of the company’s complete line cf 
starters. 


e The M. W. Kellogg Company .. . In 
order to service the Kel-F requirements on 
the West Coast, new warehousing facili- 
ties have been established in Vernon, 
Calif. This plastic is said to have found 
important applications in the airereft, 
chemical, and electronic industries. 


@ McDonnell Aircraft Corporation 
Sidney W. Souers has been elected to the 
Board of Directors. Mr. Souers was the 
first Director of the Central Intelligence 
Agency and was Executive Secretary ef te 
National Security Council from 1947 to 
1950. 


© Northrop Aircraft, Inc. . .. Construction 
of an addition to the flight test and modi- 
fication facilities at Ontario (Calif.) Inter- 
national Airport was begun on January 21. 
When completed, the buildings that com- 
prise this new unit will have a total area 
in excess of 60,000 sq.ft. on a 33-acre site 
leased from the city of Ontario. 


e Republic Aviation Corporation 
Edward S. Moore, Jr., Executive Vice- 
President of the National Biscuit Com- 
pany, has been elected a Director of 
Republic. 


e Rohr Aircraft Corporation . . . Pacific 
Airmotive Corporation has now been 
licensed by Rohr to handle the exclusive 
manufacture and sales of the Rohr Tilting 
Ares. P.A.C.’s Burbank Aircraft Divi- 
sion will manufacture the arcs; the Avia- 
tion Products Division will take care of 
the sales on a national and international 
basis. The Rohr Tilting Arc was designed 
primarily to expedite the handling of air- 
craft engines, engine assemblies, and com- 
plete engine nacelles. Rohr Aircraft has 
been manufacturing tilting arcs at its 
Chula Vista, Calif., plant for a number of 
vears. 

© Solar Aircraft Company ... A recently 
published booklet on Shell Mold Castings 
of Stainless Alloys can be obtained 
through Solar’s Stainless Steel Foundry in 
San Diego. 


e Sperry Gyroscope Company, Division 
of The Sperry Corporation . . . Carlyle H. 


Jones, who for the past 2 years has served 
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PARACHUTE TESTING 
AT GOODYEAR 


Through the use of a stroboscope, the drag 
and stability characteristics of a falling 


parachute are shown during a 175-ft. drop 
test from the ceiling of Goodyear Tire @& 
Rubber Company's 
dock at Akron, Ohio. Th 
research program {at deal 


current-free airship 
part of a 


ith the free- 


fall tendencies of parachute This pro 


gram is being accomplished 
engineers from Goodyear A 

tion’s Research and Devel 
ment in accordance with the 

tract with the Equipment Laboratory of 
Wright Air Development Center, Wright 
Patterson A.F.B., 


by a staff of 
raft Corpora- 
nent Depart- 


terms of a con- 


as Manager of Public Information, has 


been appointed Director Advertising 


LAS. 


Atlanta Section 
Edith Hall Lively, Secretary 


A dinner meeting was held on January 
& at Georgia Institute of Technology. 
Chairman George Baughman presided 
and introduced the guest speaker, Wil 
liam Wallace, of General Electric Com 
pany, who delivered an interesting talk 
on the ‘History of Jet Engines.”’ 

Mr. Wallace began his talk with a 
reference to the “‘aeolipile,”’ a reaction 
engine built by Hero of Alexandria in 
the second century B.C. and reputed to 
be the first apparatus converting steam 
pressure into mechanical power. He 
then touched upon Sir Isaac Newton 
and the jet-propelled steam carriage 
that demonstrated his third law of 
motion and upon John Barber who in 
1791 was issued the first patent for a 
gas turbine. He continued by citing the 
efforts of Deval and Curtiss, of Armer 


gaud and Lemale, of Dr. Moss, and of 
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and Public Information of the Sperry 
Gyroscope Company. 

e Standard Oil Company of California... 
The first preignition-proof compounded oil 
to be developed successfully for light-air 
craft engines has been placed on _ the 
market. This lubricant, known as_ the 
New RPM Aviation Oil, was designed pri 
marily for executive and personal aircraft 
engines by Standard’s research subsidiary, 
California Research Corporation. Flight 
testing of the oil has been carried on for the 
past 2!/. years in 36 airplanes powered by 
most of the popular light-aircraft engines 
It will be available in all grades 
80, 100, and 120 

© Vaerd, Inc... . A booklet entitled Vard 
Brochure has been published to acquaint 
the aircraft and allied industries with the 
products and facilities of Vard. It is 
available to the industry upon request 


65, 65. 


e Westinghouse Electric Corporation .. . 
Four Westinghouse-built motors—two 
rated at 83,000 hp. each and the other two 
rated at 25,900 hp. each—are slated for 
installation in tandem fashion before long 
in transonic and supersonic wind tunnels 
now being built at the Arnold Engineering 
Development Center, Tenn. Five com 

pressors for the wind tunnels are also being 
constructed by Westinghouse. One of 
these compressors is destined for the tran 

sonic unit, while the remaining four will be 
coupled as one for the supersonic unit 

The compressor blades will measure 2 ft 

across the face and 6 ft. in length; they 
will rotate on a spindle 18 ft. in diam 

eter . . E. V. Huggins was recently 
elected to the newly created post of Vice 

President of Corporate Affairs. He was 
also elected President of Westinghous« 
Radio Station, Inc. At the same Board 
of Directors meeting, Joseph E. Baudino 
was elected Executive Vice-President in 
charge of all operations 


Sections 


other early workers in the gas-turbint 
field. 

Bringing his history of the jet up to 
the present day, Mr. Wallace covered 
the work of Sir Frank Whittle; the 
first successful flight on May 15, 1941, of 
a jet-powered aircraft (the Gloster 
E28/29 powered by the W1 engine 
the first successful flight in the U.S.A 
of a iet-powered aircraft in October of 
1941 (the Bell XP-59A powered bv two 
General Electric 1-A turbojets); etc 
He concluded his talk by referring to 
General Electric’s role in jet-engine de 
velopment, their latest production en 
gines, and other current projects. 

A 15-min. color film, Jet Propulsion 
brought the meeting to a close. 


Baltimore Section 


J. Francis Maloney, Secretar) 


The thirty-ninth meeting of the Balti 
more Section was held in Maryland Hall 


~ 
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... an industry that created the need for suppliers 
with the manufacturing facilities and craftsmen to produce consistent 
quality precision parts and assemblies. 
The Indiana Gear Works has been serving the aviation industry since 
1933—accumulating twenty years of precision experience 


that enables I.G.W. to match design intelligence with creative production. 


Behind these doors is a modern plant 
with the finest precision production 
facilities and skilled craftsmen guided 


by modern methods and procedures. 
This is a plant where quality is more 
than a word—it's a method of manu- 
facturing. 


NA GEAR 


INDIANA GEAR WORKS, INC. © INDIANAPOLIS 7, INDIANA 
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of The Johns Hopkins University on 
December 11 at 8:30 p.m. There were 
over 100 members and guests present. 

The three speakers were all from Hu- 
man Factors Directorate, Air Research 
and Development Command. 

The first speaker, Col. Don Flickinger, 
Director of Human Factors, outlined 
the general principles and philosophy 
associated with the problems of man 
versus robot. The bio-engineer es- 
tablishes the physiological parameters 
that govern the human being. Man is 
always going to want to fly, and his 
reliability and adaptability are an essen- 
tial part of a weapon system 

Dr. Al Hetherington, Chief of En- 
vironmental Physiology Branch of the 
Division of Aero-Medical Sciences, 
spoke of the environmental physiology 
effects caused by factors in a physical 
environment and the means of protec- 
tion from these stresses. The object of 
protection is primarily to have a normal 
unimpaired man preserved to do the 
job he has to do. The human being is a 
special machine affected by the follow- 
ing physiological factors: air pressure 
and changes, sound and vibration, accel- 
eration and deceleration, temperature 
extremes, radiation hazards, and toxic 
gases and liquids. 

The air-pressure requirement is one of 
supplying sufficient oxygen for the in- 
ternal combustion (metabolism) of the 
body. The solution is to supercharge 
the body or carry air in the vehicle. 
Carrying enough oxygen soon proved to 
be impractical, and engineers found that 
pressurized compartments could be 
built. 

At 40,000 ft. few persons are immune 
to the bends, and even pure oxygen is 
not sufficient so that pressurized cabins 
are the only solution. At 50,000 ft. 
human life is maintained for only about 
15 sec. without mechanical aids. The 
mechanical effect of having gases ex- 
pand inside the body is not dangerous 
unless it occurs in 0.02 sec. In a large 
bomber, explosive decompression would 
not occur so rapidly, but, in a fighter, 
with its smaller volume, the problem of 
decompression rate is serious. The 
partial pressure suit is an answer. 

The sound and vibration is outflown 
by the source, but ground personnel 
must be protected by source sound 
suppression. Temporary or permanent 
hearing impairment can be caused, as 
well as more widespread and little 
understood effects on the body as a 
whole, such as buffeting of the body 
tissue. 

With regard to acceleration and de- 
celeration, most men can tolerate 4g 
sitting and black out above 4g. The rate 
of application and time of application of 
the g’s are factors. For a while and in 
the proper place, 17g’s can be with- 
stood. The G-suit adds about 2¢ to the 
sitting tolerance. 
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For extremely cold temperature, 
enough clothing can be worn, but, for 
high temperature, not much can be done 
as yet. For a few minutes (5 to 10), 
260°F. can be withstood. Tempera- 
tures in some experimental airplanes 
have reached 160°-180°. High tem- 
perature has a sunstroke effect. Air- 
conditioning the man with a suit of 
flexible material is a solution. 

Radiation energy from the sun pre- 
sents no great problems below 50,000 ft., 
but, above this altitude, not much is 
known about what will be encountered. 

Toxic gases and liquids introduced 
into air-conditioning ducts by breakage 
of hydraulic or fuel lines can generally be 
lessened by maintenance. 

The third speaker, Lt. Col. George 
Long, Chief of Human Engineering 
Division, spoke on the failure of the de- 
signer to take into account the capabili 
ties of the human being when equipment 
is designed. Some functions are best 
performed by man and some by ma- 
chines. Man has maximum and mini 
mum rates of absorption of information. 
Since man is a poor monitor, thought 
has been given to machines for monitor- 
ing man. One of the big problems is the 
overloading of man’s eyes. In this con- 
nection, arrangement of instruments is 
extremely important. 

In the open discussion that followed, 

it was pointed out that the concept of 
machines being an extension of man 
had been minimized. The discussion 
also lead to reiteration of the team con- 
cept whereby engineers and scientists of 
all branches must work together to make 
the most progress. 
p The fortieth meeting of the Baltimore 
Section was held in Maryland Hall of 
The Johns Hopkins University on Janu 
ary 21 at 8:30 p.m. Approximately 50 
members and guests were present. 

In his discussion of ‘‘Problems in Hy- 
personic Wind Tunnel Research,”’ Dr. 
Peter P. Wegener, Deputy Chief of the 
Aero-physics Division of the Naval 
Ordnance Laboratory, pointed out that 
there are essentially two problems, high 
pressure and high temperature. 

By means of illustrative slides, the 
speaker clearly showed the problems in 
volved and explained the advantages of 
the hypersonic tunnel over free-flight 
research. 

Interest in the speaker’s subject was 
evidenced by the numerous and thought 
ful questions asked by the audience. 


Chicago Section 
Charles L. Bonnette, Secretary 


On January 6, the Chicago Section 
members, through the courteous efforts 
of F. Corneliussen, Office Personnel 
Manager, were the guests of the Reyn- 
olds Metals Company, McCook, III. 


1953 


The members gathered informally in 
the lobby of the main office building, and 
at 8:00 p.m. the group was divided and 
conducted upon a tour of the plant facili 
ties. During this tour, the group wit- 
nessed the actual manufacture of 
aluminum sheets, including the alloying 
and casting of the pigs, molding and 
cladding of the ingots, and rolling the 
ingots through various stages into 
sheets. The tour proved to be interest 
ing and highly informative to the at 
tending members. 

Refreshments were served to all par 
ticipants at the conclusion of the tour. 
The evening’s activities were concluded 
at approximately 10:30 p.m. 


Hampton Roads Section 


H. Herbert Jackson 
Recording Secretary 


Lieutenant Colonel O. D. Simpson, 
U.S.A.F. Intelligence, addressed ap 
proximately 50 members and guests of 
the Hampton Roads Section on Decem 
ber 18. Colonel Simpson was stationed 
in Japan at the outbreak of the hostili 
ties in Korea. The subject of his talk 
was ‘‘The Status of U.S.A.F. Intelligence 
at the Outbreak of Hostilities in Korea.” 
The talk was classified confidential, and 
all those attending had to have security 
clearance. 

Colonel Simpson told of the status of 
our air power in Japan on June 25, 1950. 
With the aid of a wall map of Japan and 
Korea, he pointed out where the various 
fighter-bomber, light-bomber, and other 
units were located at that time. With 
the aid of the map, he also brought out 
the details of the operations and de 
ployments in the early stages of the 
war. 

In reviewing the details of the early 
stages of the war, Colonel Simpson gave 
his opinions on changes that would have 
been necessary to have averted condi- 
tions that existed in the Far East prior 
to the Korean War. He concluded his 
talk by giving his opinions of the neces 
sary action on the part of the various 
aeronautical and military groups which 
would be needed to avoid a repeat of the 
conditions that existed June 25, 1950. 

An interesting discussion period was 
held after the talk. 


Los Angeles Section 
Harold 5. Fischer, Secretary 


The Los Angeles Section of the I.A.S. 
has presented several interesting meet- 
ings on a wide variety of subjects in the 
last few months. On December 4, 1952, 
Ivan E. Speer, Project Engineer of AiRe- 
search Manufacturing Company of 


Arizona, addressed a Specialist Meeting 
on “Design Considerations and De- 
velopment of a Broad Range, High 
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Another new development using 


E Goodrich Chemical 


Bellows for Piasecki HUP helicopter moldcd by Surgical Rubber Co., Norristown, Pa. 
B. F. Goodrich Chemical Company supplies the Hycar rubber only. 


‘copter crews like 


Hycar “umbrella”! 


IFE at sea isn’t always smooth- 
L going for these HUP helicop- 
ters. They operate under all sorts 
of weather and service conditions— 
must have unique parts and devices 
to help keep ’em flying efficiently. 


One of these important devices 
is a rotor spinner bellows made of 
Hycar rubber. It operates with the 
propeller pitch control link—flexes 
and twists as the rotor blade angles 
change— shields the rotor head con- 
trols from rain and salt spray. Acts 


like an umbrella! 


Naturally, Hycar rubber isanideal 
material fora job like this. For Hycar 
has great resiliency and strength, 
plus extreme resistance to heat and 
cold, aging, abrasion, gas, oil and 
many chemicals. In this bellows, 
Hycar meets military specifications 
MIL-R-6855, Class I and II. 


One of the many Hycar rubber 
compounds may answer a problem 
for you—help you develop or im- 
prove more saleable products. For 


information, please write Dept. 
HF.-4, B. F. Goodrich Chemical Co., 
Rose Building, Cleveland 15, Ohio. 
Cable address: Goodchemco. In 
Canada: Kitchener, Ontario. 


B. F. Goodrich Chemical Company 
A Division of The B. F. Goodrich Company 


Hy 


Car 


Reg US Pat. Of. 


GEON polyvinyl materials ¢« HYCAR American rubber © GOOD-RITE chemicals and plasticizers «© HARMON colors 
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Efficiency Centrifugal Compressor for a 
Small Gas Turbine Compressor.”” Mr. 
Speer discussed the theory and develop- 
ment of a gas turbine suitable for supply- 
ing compressed air from its own com- 
pressor for the driving of aircraft ac 
cessories. 

p Another Specialist Meeting on De- 
cember 11, 1952, featured Lee Cahn, 
Chief Computer Engineer of Beckman 
Instruments, Inc., who discussed the 
“Evaluation and Use of Analog Com- 
puters,”’ with respect to accuracy figures 
of merit, cost, and operation. Demon 
strations were given of the use of actual 
computer equipment in solving problems 
in jet-engine fuel flow and airplane 
damping in yaw. 

p> The feature January event was the 
Wright Brothers Lecture by William 
Littlewood, Vice-President—Engineer 
ing, American Airlines, Inc., presented 
in Los Angeles, by Otto E. Kirchner, 
Director of Operational Engineering of 
American Airlines. An audience of 
about 350 people enjoyed the lecture and 
the prepared comments of Ernest G 
Stout, Assistant Chief Engineer of Con 
solidated Vultee Aircraft Corporation 
San Diego; Warren T. Dickinson, 
Executive Engineer of Douglas Air 
craft Company, Inc., Santa Monica; and 
Clarence L. Johnson, Chief Engineer, 
Lockheed Aircraft Corporation, Bur 
bank. 

p> On February 2, 3, and 4, 1953, the 
I.A.S. was co-sponsor with the American 
Rocket Society of a presentation by the 
Department of Engineering of the Uni 
versity of California at Los Angeles, of 
Professor Luigi Crocco, Goddard Pro 
fessor of Jet Propulsion at Princeton 
University, who delivered three lec 
tures on the ““Theory of Viscous Super 
sonic Flows Involving Separation 
The lectures were on the topics of (1) 
“Fundamental Equations and Discus 
sion,’ (2) “Application to Base Pressure 
Problems,” and (3) “Application to 
Boundary Layer-Shock Interaction.”’ 
> “The Use of Adhesives in Primary 
Aircraft Structure’ was the topic of a 
record attendance Specialist Meeting on 
January 22, 1953. Approximately 180 
engineers concerned with this specialt; 
heard Dr. N. A. De Bruyne, Managing 
Director, Aero Research Ltd., of Cam 
bridge, England, discuss British devel 
opments of adhesives and bonded joints 
for use in such aircraft as the de 
Havilland ‘‘Comet.”’ 


San Diego Section 


Earl R. Hinz 
Corresponding Secretary 


Two dinner meetings were held by the 
San Diego Section during the month of 
January. The first of these took place 
on the evening of January 9 in the 
Marine Room of the San Diego Hotel 
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ne Aircraft and Aeronautical Products 
: A 
: Leaders in 


High-Temperature 
Metallurgy 


1e JET, PISTON AND ROCKET 
| ENGINES 


One of the keys to Ryan’s leadership in high-temperature metal- 
lurgy and ceramics is its modern equipment, including some 
of the finest high precision machine tools and many of the 
largest electric resistance welders to be found in the country 
today. Such equipment, combined with the skills of Ryan re- 
search and production engineers, has put Ryan out in front in 
solving the “hot” problems of the aircraft industry. 


Typical of the precision machines found at Ryan is this 64- 
inch Bullard vertical turret lathe, largest on the Pacific Coast. 
Ryan uses it and scores of other modern tools for large-scale 
production of heat-resistant products for jet, piston or rocket 
engines. You'll find Ryan metallurgists and research special- 
ists in the forefront of high-temperature development work. 


a 


f _— Metal Products Division - Jet Engine Components - Exhaust Systems - Rocket Assemblies 


RYAN AERONAUTICAL COMPANY ¢ LINDBERGH FIELD ¢ SAN DIEGO, CALIF. 
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San Diego Hears Dr. Von Braun: A new attendance record was established at a joint meeting 
of the I.A.S. and S.A.E. San Diego Sections on January 21, when 450 pe 
hear Dr. Wernher Von Braun (right) speak on ‘Space Superiority as a Me 


rsons gathered to 
uns for Achieving 


World Peace.’ Dr. Von Braun was introduced by Dr. Hans Friedrich (MJI.A.S 


(left) 


overlooking the beautiful San 
Harbor. 


Diego 
The guest speaker was Otto E. 
Kirchner, Director of Operational En 
gineering for American Airlines, Inc. 
The speaker was 
Dwight Bennett, 1952 I.A.S. Area 
Councilor. Mr. Kirchner presented 
William Litthewood's Sixteenth Wright 
Brothers Lecture on “Technical Trends 
in Air Transport.’ Prepared comments 
on the paper by Frank Fink, Chief En 
gineer, Consolidated Vultee Aircraft 
Corporation, were read and were dis 
cussed by Mr. Kirchner. An additional 
open discussion period followed which 
had to be limited because of the late 
hour. 
p The second January meeting took 
place on January 21 at the House of 
Hospitality in scenic Balboa Park in 
the heart of San Diego. 


introduced by 


This meeting 
was the annual joint meeting with the 
San Diego Section of the Society of 


Automotive Engineers. The widely 


known rocket expert and leading pro 


ponent of the manned satellite of earth, 
Dr. Wernher Von Braun, presented his 
ideas on “Space Superiority as a Means 
for Achieving World Peace Dr. Von 
Braun used many interesting slides to 
illustrate his engrossing talk on multi 
stage rockets, space orbits, space plat 
forms, and other subjects previously 
considered the private realm of science 
fiction writers. 

F. E. McCreery, Jr., Chairman of the 
S.A.E. San Diego Section, was the 
Meeting Chairman Hans Fried 
rich, I.A.S. member and former co 
worker of Dr. Von Braun, gave the high 
lights of the guest speaker 
background and also intr 


s professional 
duced him. 

The interest of the San Diego area 
technical people in this 
science, and adventur 
by an attendance 
dinner and the meeting 
tuted a new attendance record for both 
the I.A.S. and §.A.E. San Diego Sec 
tions, individually or jointly 


new frontier of 
as well proved 
persons for 
This consti 
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Texas Section 
Howard F. Marx, Secretary 


“Escape and Bail-Out at High Spee: 
and High Altitudes” was the subject 
the January 23 dinner meeting at tl 
Midway Inn in Arlington, Tex. Th 
principal speaker was Dr. Fritz Haber « 
the U.S.A.F. Department of Spac 
Medicine, San Antonio, Tex. 

Dr. Haber contrasted the problen 
associated with escape at very high alti 
tudes with those at present. Keepin; 
the parachutist warm at 20,000 ft. is 
problem today, but keeping him cool] 
during the initial portion of a descent 
from 300,000 ft. will be a problem to 
morrow. Dr. Haber stated that ver 
high temperatures can be sustained b 
the human body for short periods o 
time. Temperatures ranging betwee: 
200° and 250°C. have been sustained for 
approximately 11/2 min., without per 
manent injury. Dr. Haber briefly dis 
cussed the escape capsule as a solution to 
the overall escape problem. 

After the formal presentation of the 
talk, a panel of experts consisting of 
Dr. Haber; Robert Moller, Senior 
Flight Test Group Engineer, Consoli 
dated Vultee Aircraft Corporation; and 
Harry Bracket, Test Pilot, Chance 
Vought Aircraft Division of United Air 
craft Corporation; was convened by 
F. A. Curtis, Convair Senior Aerophysics 
Engineer. The panelists discussed high 
altitude opening shock, use of autorota 
tion escape devices, and possible dangers 
from cosmic radiation during descent. 

A “get-acquainted’”’ social hour pre 
ceded the buffet dinner and created an 
appropriate atmosphere for high-alti 
tude bail-out 

Chairman William Clegern held a 
brief business meeting prior to the for 
mal program, at which time plans for 
the First Annual Student Paper Com 
petition were reviewed. The competi 
tion will be held during the period from 
May 6 through May 9. 


Attention Members! 


A\|l members of the Institute 
are invitea to submit material 


activities for 


News of 


concerning their 


publication in the 
Members 


‘ columns of the Aero 


nautical Engineering Review 
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The Finest 


ELECTRICAL 
CONNECTOR 


MONEY CAN 


SCINELE © 


LOW MAINTENANCE BECAUSE 
IT PERMITS SIMPLICITY 


When operating conditions demand an electrical 
connector that will stand up under the most rugged 
requirements, always choose Bendix Scinflex Elec- 
trical Connectors. The insert material, an exclusive 
Bendix development, is one of our contributions io 
the electrical connector industry. The dielectric 
strength remains well above requirements within 
the temperature range of —67°F to +275°F. It makes 
possible a design increasing resistance to flashover 
and creepage. It withstands maximum conditions 
of current and voltage without breakdown. But 
that is only part of the story. It’s also the reason 
why they are vibration-proof and moisture-proof. 
So, naturally, it pays to specify Bendix Scinflex 
Connectors and get this extra protection. Our sales 
department will be glad to furnish complete infor- 
mation on request. 


Moisture-Proof Radio Quiet Single Piece Inserts Vibration-Proof 
Light Weight ¢ High Insulation R tance ¢ High Resistance to Fuels 
and Oils e Fungus Resistant e Easy Assembly and Disassembly 
Fewer Parts than any other Connector e No additional solder required. 


BENDIX SCINFLEX 


ELECTRICAL CONNECTORS 


SCINTILLA MAGNETO DIVISION of 


SIDNEY, NEW YORK 


AVIATION CORPORATION 

Export Sales: Bendix International Division, 72 Fifth Avenue, New York 11, N. Y. 
FACTORY BRANCH OFFICES: 118 E. Providencia Ave., Burbank, Calif. © Stephenson 
Bidg., 6560 Cass Ave., Detroit 2, Michigan ® Brouwer Bldg., 176 W. Wisconsin 
Avenue, Milwaukee, Wisconsin © 582 Market Street, San Francisco 4, California 
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From Water Level To Stratosphere... 


Pittsburgh 
FABSEAL 


Makes Flying Safer... 
More Efficient! 


Millions of flying hours prove the 
dependable performance of these impregnated 
fabric tapes in civilian and military use! 


@ Many of America’s leading 
builders of aircraft use Pitts- 
burgh’s FABSEAL Tapes with 
complete confidence in their 
outstanding quality to seal flying 
boats, pressurized cabins and 
for other applications where 
there is considerable racking 
movement. 

@ FABSEAL Tapes are im- 
pregnated fabric of uniform 
density, resistant to water, 
gasoline and oil. They are avail- 
able in .015” thickness and in 
widths from “2” to 12”, pack- 
ages in rolls of 50 feet. 


PITTSBURGH PLATE GLASS CO., 


Pittsburgh, Pa. Factories: 
Springdale, Pa. 


Ore. Ditzler Color Div., 


Milwaukee, Wis.; 
; Houston, Texas, Los Angeles, Calif.; Portland, 
Detroit, Michigan. The Thresher Paint 


@ These tapes are particularly 
designed for use in fluid or air 
containers where excessive 
pressures are experienced. 
They are also adapted for seal- 
ing structural members where 
flexibility and vibration present 
unusual requirements. FAB- 
SEAL Tapes can also be bolted, 
riveted or screwed between 
metal, wood or fiber members 
to provide a fillet that assures 
a complete seal. 


@ Call on us for advisory serv- 
ice. Our wide experience in the 
aircraft field often can save you 
time and money. 


Industrial Paint Div., 
Newark, N. 


& Varnish Co., Dayton, Ohio. Forbes Finishes Division, Cleveland, 


Ohio. M. B. Suydam Div., 


PITTSBURGH PLATE GLASS COMPANY 


Pittsburgh, Pa. 


PITTSBURGH PAINTS 


PAINTS @ GLASS @ CHEMICALS @ BRUSHES © PLASTICS ® FISER GLASS 
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Academy of Aeronautics 
Frederick Berger, Secretary 


The meetings of January 8, January 
22, and February 5 were well attended 
inasmuch as they concerned the nomina- 
tions and elections of new officers. Asa 
result, the following persons were elected 
to office: Chairman, G. Ludwig; Vice 
Chairman, C. Kozlowski; Correspond 
ing Secretary, K. O'Connor; Recording 
Secretary, D. Tepper; and Treasurer, K. 
Dibble. 

A total of five films was shown 
at the three meetings: The Navy 
Phantom (courtesy of McDonnell Air 
craft Corporation); two helicopter films 
from Sikorsky Aircraft Division of 
United Aircraft Corporation; The Stor, 
of the Flying Wing (courtesy of Northrop 
Aircraft, Inc.); and Special Showing of 
Latest Aircraft’ (courtesy of North 
American Aviation, Inc.). 

Chairman Sherman Martin presided. 


The Aeronautical University, Inc. 
Robert Johnson, Secretary 
The following students were elected 


to office at the January 9 meeting: 
Chairman, Ralph Flentge; Vice-Chair- 


rv san BULSESCODE 


BY WATERMAN 


Another example of WATERMAN 
pioneering, a compact, portable instru- 
ment for precision pulse measurements 
adaptable for all electronic work, in- 
cluding radar and TV. S-4-A SAR 
PULSESCOPE will portray all attributes 
of the pulse; such as shape, amplitude, 
duration and time displacement. In S$ 
mode of operation, the unit functions 
as a wide band oscilloscope, with op- 
tional video delay, in either repetitive 
or triggered sweep conditions. In A 
mode of operation the unit functions as 
a precision time measuring device, 
with internal crystal controlled mark- 
ers available for self calibration. In R 
mode of operation a desired small seg- 
ment of A Sweep is expanded to fill the 
face of the tube for detailed observation. 


Video Amplifier band pass up to 11 mc . . . optional Video delay 0.55 ws . . . Putse rise and 
. . Video sensitivity of 0.5 p to p/inch 


Weight 31.5 Ibs. 
Ve" x x 17%," 


fail time better than 0.07 ys 
to 400 KC either triggered or repetitive... AS 


WATERMAN PRODUCTS INCLUDE: 


S-4-A SAR PULSESCOPE 
S-5-A LAB PULSESCOPE 
$-10-B GENERAL POCKETSCOPE 
$-11-A INDUSTRIAL POCKETSCOPE 
$-14-A HIGH GAIN POCKETSCOPE 


$-14-B WIDE BAND POCKETSCOPE 
Also RAKSCOPES, LINEAR 


AMPLIFIERS, RAYONIC TUBES 
ond other equipment 


weep 1.2 us to 12,000 ws, R Delay 3 us to 
10,000 us . . . Directly calibrated on a precision dial . . . R Pedestal (or sweep) 2.4us to 24us 
.--A& R Sweep Triggers available externally . . . Internal crystal markers of 10 us +50 us 
. . . Built in precision amplitude calibration . . . Operates on 50 to 1000 cycles at 115V AC. 


WATERMAN PRODUCTS CO., INC. 2s, ra 


CABLE ADDRESS: 
POKETSCOPE 


WATERMAN PRODUCTS 
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Student Branches 


man, Verne Sprunger 
Robert Mueller; and 
Gene Pick. Alfred ] 
Engineering, 1s the Hor 
and Faculty Adviset 
The Shell Oil Com film on Low 
an Airplane Flies was shown to the 19 
attending students. This film contains 
six parts on lift 
weight; it shows how 
and how each of thes 
aircraft in flight ry 
bility is also covered | 
Chairman Lymai 


Secretary, 
Treasurer, Miss 
Stott, Dean of 
rary Chairman 


rag, thrust, and 
ach is produced 
orces affects an 
subject of sta 
this film. 


ver presided. 
University of Alabama 
Curtis G. Ha Secretary 


The January was called to 


order by Chairman Richard J. Berman. 
The election of officers for the 1952-1953 
spring semester was as follows: Chair 
man, Shannon Williford ; Vice-Chairman, 


Curtis G 
William Carr 


Luke Boykin Secret 
Harvey; {and Treasuret 
Catholic University of America 
William G. Else: 


Secretary 


meeting of the 
Student Branch, 


At the January 
Catholic University 
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Dr. Albert May, a Physicist at th 
Naval Ordnance Laboratory in Wash 
ington, D.C., gave a timely talk on the 
use of the firing range in aerodynamics 
He described and showed by means o 
slides the two firing ranges at N.O.] 
and fully explained the workings o 
these ranges. 

As a fired projectile travels along the 
range, it trips photoelectric cells that ar« 
placed at measured intervals along the 
projectile’s course, thereby causing 
spark to produce a shadow picture of the 
projectile and its shock waves to be re 
corded on film. From sequences of pic 
tures taken in this manner, much is 
learned of the behavior of different 
shaped bodies at supersonic speeds 
Dr. May explained how the photo 
graphic data were interpreted to give 
usable conclusions, as well as compari 
sons of variously shaped projectiles. H« 
passed among his audience saimple pro 
jectiles and answered the many ques 
tions put to him by the students. 

The meeting was attended by 18 
members; Chairman Earl Erickson pre 
sided. 
> J. B. Hippler, Acting Head of the 
new Transonic Branch at the David 
Taylor Model Basin, was the featured 
speaker at the February 4 meeting. He 
told the group of the development of the 
7- by 10-ft. transonic tunnel now under 
construction at the basin, much of which 
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was formerly a German subsonic tunnel 
brought to this country from Germany 
after the war. The original tunnel has 
been completely redesigned for tran 
sonic work and is expected to give a 
maximum Mach No. of 1.2 

A large amount of new equipment 
must be designed before this tunnel 
can be placed in operation, and much of 
the construction is still to be completed. 
It will be the middle of 1954 before this 
tunnel can work and contribute in 
formation to the relatively unexplored 
and little-known field of transonics, 
which has become so important in 
modern aeronautics. 


University of Cincinnati 


Roy J. Matz 
Publicity Committee Chairman 


The film, Harnessed Lightning, was 
presented at the January 19 meeting, 
which was attended by 15 students and 
led by Chairman Roger A. Wingert. 
This film deals with the principles of 
jet propulsion and the development of 
the aircraft gas turbine by the Allison 
Division of General Motors Corpora- 
tion. 
p> On February 2, Dr. Raymond Wal 
ters, President of the University of Cin 
cinnati, presented the annual Ferdinand 
L. Weston Memorial Achievement 


Soft synthetic rubber inserts in plunger prevent 


leakage.. 
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sure to 150 P.S.I.... Fluid connections to suit your specifications. 
Some models for aircraft, such as valve illustrated, have 
Yellow Dot approval. Other solenoid aircraft valves available 
and under development for pressures to 3,000 P.S.I. 
Two-way normally open and normally closed solenoid valves 
for special media such as liquid oxygen, nitric acid and concen- 


trated hydrogen peroxide are also available in a variety of sizes. 


THREE-WAY NORMALLY OPEN AND 
NORMALLY CLOSED 


WEIGHT ONLY 1% LBS. APPROX. 3!2”” HIGH 


-Spring loaded for positive action.. 


Inquiries regarding your solenoid valve 


problemsare welcomed. 


VALVE DIV. 


THE SKINNER CHUCK COMPANY 
104 Edgewood Ave., New Britain, Conn. 


LAS. NEWS 


Awards, which are granted to the three 
aeronautical engineering seniors having 
the highest scholastic records for their 
undergraduate work. This vear the 
awards were granted to the following 
members: the first prize went to Rich- 
ard L. Wohlen; the second prize to 
Roger A. Wingert; and the third prize 
to Roy Ne Matz. 

At the conclusion of the presentations, 
a McDonnell Aircraft Corporation film, 
Blueprint for Your Future, was pre 
sented. It outlines the opportunities 
and advantages extended to members of 
the engineering profession by this par- 
ticular corporation. 

Chairman Wingert presided. Twenty- 
four students were in attendance. 


Georgia Institute of Technology 
Robert T. Stancil, Secretary 


The following officers were elected at 
the December 8 meeting: Chairman, 
Sidney Alan Powers; Vice-Chairman, 
Jack D. McCallister; Secretary, Pegs ert 
T. Stancil; and Treasurer, Lee T. Allen. 


University of Illinois 


Ron P. Arnold 
Outgoing Secretary 


The principal business for the January 


14 meeting, the last of the fall semester, 
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was the election of new officers for the 
spring semester. They are as follows: 
Chairman, Rex Whitehurst; Vice-Chair- 
man, Frank Vileta; Secretary, Dwight 
Moberg; and Treasurer, Richard Cole. 

The Branch’s award to the senior with 
the highest grade-point average was 
given to Richard Camp. 

Two films that were shown during the 
meeting were well received. These were 
onthe helicopter, “Little Henry,” andthe 
fighter aircraft, ‘‘Voodoo.” 

Outgoing Chairman Gordon D. Booz 


presided; 35 persons were present. 


University of Notre Dame 
Thomas Lindsay, Secretary 


The Notre Dame Student Branch of 
the Institute of the Aeronautical Sci- 
ences held its annual banquet on Decem- 
ber 11 in the new Morris Inn on the 
campus. Chairman Bob Sebold ‘‘em- 
ceed.” 

F. N. M. Brown, Head of the De- 
partment of Aeronautical Engineering, 
told the group that the department has 
made excellent progress in all respects, 
and enrollment in the Department is 
increasing substantially. The new su- 
personic wind tunnel, nearly finished, is 
the largest privately owned and financed 
supersonic tunnel in the country. 
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The evening’s principal speaker was 
Dr. Harold M. Hipsh, of Bendix Avia- 
tion Corporation. He spoke to the 
group about two comparatively new 
fields in aeronautical engineering, pre- 
liminary design and systems analysis. 
Until recently, Dr. Hipsh pointed out, 
the military services held the initiative in 
preliminary design and set up specifica- 
tions for aircraft to meet their own 
needs. 


Because of increased complexity of 
aircraft and guided missiles, this pro- 
cedure has become inadequate, and the 
industry has called upon the systems 
analyst to determine aircraft require- 
ments. 


The preliminary design engineer, who 
writes the initial specifications, must be 
a man of broad knowledge and ex- 
perience in an industry of  special- 
ists. 


Only by considering simultaneously 
the various branchesof aeronautical engi- 
neering—‘‘thinking in total’’—can the 
problems of preliminary design be solved 
successfully, said Dr. Hipsh, and upon 
their solution depends future progress in 
the face of increasing complexity. 


AERONAUTICAL 


ENGINEERING 


University of Washington 
Weston M. Howard, Secretary 


At the December 8 meeting, Robert 
Ward, Advertising and Promotion Man- 
ager of Central Aircraft in Spokane, 
Wash., gave an interesting and enlight- 
ening talk on the problems of crop dust- 
ing. Typical problems were explained 
so that their relation to airplane design 
could be analyzed. Chairman William 
Rae presided; 28 students were present 


University of Wyoming 
William C. Grove, Secretary 


The new University of Wyoming 
Student Branch held its second meeting 
on December 18 with Chairman Alan 
Vinzant presiding. The attendance was 
18 persons, including a guest, Prof. 
Eric J. Lindahl, Head of the Mechanical 
Engineering Department. 

Two members, A. Ornelas and C 
Buckert, were elected to represent the 
group in the Engineering Council of the 
university. 

The excellent Northrop Aircraft sound 
and color film, The Flying Wing Bomber, 
was shown and thoroughly enjoyed by 


all. 


Members Elected 


The following applicants for membership or applicants for change of previous grades have 
been admitted since the publication of the list in the last issue of the REviEw 


Transferred to Associate Fellow Grade 


Krivetsky, Alexander, MS. in Ac.E., 
Acting Section Head, Methods & Allow- 
ables, Struct. Dept., Bell Aircraft Corp. 


Peterson, Hillis S., B.S. in M.E., Sr. 
Proj. Engr., East Coast Aeronautics, Inc. 


Volluz, R. J., B.S.M.E., Head, Super- 
sonic Wind Tunnel, Consolidated Vultee 
Aircraft Corp. (Daingerfield). 


Wetzel, Albert J., M.S. in Engrg. (Aero.), 
Lt. Col., USAF; Asst. to the Dir. of 
Guided Missiles, Office of the Secretary of 
Defense, Dept. of Defense (Washington, 


Elected to MEMBER Grade 


Ackley, Richard H., M.S. in M.E., 
Technical Engr., Aircraft Gas Turbine 
Div., Air Design Sect 
Co. (Lynn). 


, General Electric 


Apoian, Harry, M.M.E., Instr., Mech. 
Engrg. Dept., Villanova College. 

Bagby, Frederick L., Jr., B.S. in Mech. 
& Aero. Engrg., Asst. Supvr., Battelle 
Memorial Institute. 

Barnett, Roger M., B.S. in M.E., Re- 
search Engr., Jet Propulsion Lab., Cali- 
fornia Institute of Technology. 


Collamore, Frank N., B.S.E.E., Proj. 
Engr., Jack & Heintz, Inc. 


Douglass, William E., B.S. in M.E., 
Application Engr 
Corp. 

Escher, Peter H., M.E., Aerophysics 
Engr., Aerophysics Devel. Corp. 


Westinghouse Electric 


Flanagan, Lindley E., Jr., B.S.Ac.E., 
Research Engr. ‘‘A,’’ Aerophysics Lab., 
North American Aviation, Inc. 

Gafarian, A. V., B.S. in M.E., Aero 
dynamicist, Aerophysics Devel. Corp 

Gates, Chester R., M.S. in Ae.E., Aero 
Power Plant Research Engr., A.F.D.A.P., 
Office of Asst. for Devel. Planning, U.S.A.F 

Helmbold, Heinrich B., Proj. Engr., 
Univ. of Wichita 

Jacobs, John F., Jr., B.Sc., Dir. of 
Electro-Mech. Engrg., The W. L 
Corp 


Maxson 


Long, Roger A., BS.C.M.E., Gen 
Megr., Aeromet Div., Ferro Therm Co 
(Cleveland). 

Merer, George E., B.A., Supervisory 
Electronic Engr., Watson Lab. (Red 
Bank, N.J.); Rome Air Devel. Center, 
Griffiss Air Force Base (Rome, N.Y.) 

Olden, Herbert, B.A.E., Asst. Editor, 
Aviation Age, Conover-Mast Publications 

Pappas, Constantine A., B.S. in M.E., 
Capt., U.S.A.F.; Research & Devel. Staff 
Officer; Chief, Bomber Defense & Bomber 
Fire Control Br., Fire Control Div., Hq., 
A.R.D.C. (Baltimore 
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Roberts, Melvin L., B. of M.E., A 
sociate Design Engr., The Edo Corp. 

Rogers, Nelson M., B.S., R. & D. Stati 
Asst., W.A.D.C., U.S.A.F., Wright-Pat 
terson A.F.B. 

Schnittger, Jan R., Tekn. Lic., Asst 
Prof. of Aero. Engrg., Massachusetts Insti 
tute of Technology. 

Slaughter, Jack D., Proj. Engr., Aircraft 
Div., Surface Combustion Corp. 

Whitaker, Robert C., B.S. in Ae.E 
Devel. Engr., Marquardt Aircraft Co 

Wilmerding, John V., B. of A.E., Si 
Flight Test Engr., Republic Aviation 
Corp. 


Transferred to MEMBER Grade 


Bower, Robert E., M.A.E., Research 
Engr., Supersonic Aerodynamics, Grum 
man Aircraft Engineering Corp. 

Gebhard, David F., M.Sc., Research 
Asst., Forrestal Research Center, Prince 
ton Univ. 

Grogan, George C., Jr., M.S. in Ae.E., 
Sr. Aerodynamics Engr., Consolidated 
Vultee Aircraft Corp. (Ft. Worth) 

Johnson, Aldie E., Jr., B.S. in Ae.E., 
Aero. Research Scientist, Struct. Div., 
N.A.C.A., Langley A.F.B. 

Kaplan, David H., B. Aero. E. 

Mock, Bernard L., B.S. in Ae.E., St 
Engr.—Aero., Group Leader, Marquardt 
Aircraft Co 

Ross, Arthur Leonard, M.Ae.E., Re- 
search Asst., Aero. Dept., New York Univ 

Sweeney, Marvin W., Jr., S.B., Re 
search Asst., Aero. Engrg. Dept., Massa 
chusetts Institute of Technology. 


Elected to Technical Member Grade 

Boyer, Keith D., Lt. (j.g.) and Naval 
Aviator, U.S.N. 

Brantley, James Q., Jr., Dr. of Philos 
ophy, Associate Research Engr., Cornell 
Aero. Lab., Inc. 

Cartmel, Jacob A. B., Helicopter Aero 
dynamicist, Percival Aircraft, Ltd 

Gause, Charles I., Jr., B.S. in Educa 
tion, Liaison Engr., Grand Central Air- 
craft Co. 

Green, Harold H., Jr., B.S.E.E., Tech 
nical Engr., Aviation Gas Turbine Div., 
General Electric Co. (West Lynn) 

Hyde, David, B.A., Industrial Engr., 
Boeing Airplane Co. (Renton). 

McLean, Ronald E., Engrg. Draftsman, 
Grand Central Aircraft Co. 

Nelson, Sidney, M.E., Material Review 
Engr., Republic Aviation Corp. 


Transferred to Technical Member Grade 


Adams, Donald N., Aerodynamicist, 
Fletcher Aviation Corp. 

Adornato, Joseph V., Struct. Test Engr., 
North American Aviation, Inc. (Ohio). 

Buice, William R., B.S., Lt., U.S.A.F 
Proj. Officer, Fire Control Br., Air Force 
Armament Center, Elgin A.F.B. 

Cobb, James O., M.S. in Ae.E., Col.. 
U.S.A.F.; Chief, Wind Tunnel Br., Air 
craft Lab., A.D.C., Wright-Patterson 
A.F.B. 
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Aleropro ducts reports... 


OFFICIAL U. S. NAVY PHOTO 


Lieutenant (jg) Robert C. Notz, USN, inspects the 
Aeroprop blade that brought him safely back from 
a North Korean target. Flying from fast carrier 
Task Force 77, Lt. Notz’ AD fighter-bomber was hit 
by Red flak during a low level attack. A bite 
approximately 18 inches long was taken out of the 
trailing edge of the blade deep into the rib section. 
The blade remained intact and enabled him to reach 
a repair base. A new Aeroprop blade was installed 
without removing the propeller and the ship was 
returned immediately to combat. 
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OFFICIAL U. S. NAVY PHOTO 


Now Lieutenant Commander Lynn DuTemple 
knows why his AD Skymaster raised such a howl 
when he brought it aboard the USS Princeton off 
Korea. A 37mm enemy anti-aircraft shell had torn 
a gaping hole completely through one blade of his 
Aeroprop. LCdr DuTemple had just completed his 
fourth bombing run on Hamhung railroad bridge 
when the flak ripped through his prop blade and 
shattered his canopy. The pierced Aeroprop blade 
did not alter its performance enough to reveal the 
damage until the plane had reached its carrier base. 


THESE INSTANCES OF COMBAT DAMAGE EXEMPLIFY THE DURABILITY OF AEROPROPS 


THE METICULOUS ENGINEERING AND CAREFUL FABRICATION OF ALL AEROPRODUCTS 
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*The Sikorsky 
H-19 Helicopter 


Sikorsky, an illustrious 
name in aviation, gains 
added lustre as reports of 
unprecedented rescue op- 
erations come to us from 
the Korean battlefront. 
Electrol, by aiding in the 
development of hydrau- 
lic installations of spe- 
cialized design, contrib- 
utes in some Measure to 
the great service these 
“flying windmills” per- 
form in the saving of 
precious human lives. 


Electrol 


INCORPORATED 


HYDRAULICS 


KINGSTON, NEW YORK 


CYUNDERS + SELECTOR VALVES FOLLOW-UP VALVES! 
CHECK VALVES + RELIEF VALVES HAND PUMPS 

‘POWERPAKS + LANDING GEAR OLEOS * SOLENOID+ 
VALVES *ON-OFF VALVES «SERVO CYLINDERS TRANSFER 
VALVES * CUT-OUT VALVES * SPEED CONTROL VALVES 
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DeLacio, George M., B.S. in Ae.E., 
Test Engr., Stratos Div., Fairchild En 
gine & Airplane Corp. 

Dike, Donald J., B.S. in Ae.E., Jr 
Aerodynamics Engr., Consolidated Vulte¢ 
Aircraft Corp. (San Diego). 

Graziani, Gerald, B.S.E. (Aero. & 
Math.), Engr., Guided Missiles Div 
Douglas Aircraft Co., Inc. (Santa Monica 

Hama, Francis R., Ph.D., Research 
Associate & Instructor, Iowa Institute of 
Hydraulic Research, State University of 
lowa 

Johnson, Charles G., B.Ch.E., Capt., 
U.S.A.F.; Proj. Officer, Armament Center, 
Eglin A.F.B 

Lembeck, Edward A., II, B.S., Capt 
U.S.A.F.; Proj. Officer, A.F.A.C., Eglin 
A.F.B 

Liljeblad, Harry G., B.S. in Ae.E., Proj 
Engr., Aircraft Engine Div., Ford Motor 
Co 

Lotrick, Joseph, Field Technical Rep., 
North American Aviation, Ine. (Los 
Angeles 

Marsh, Keith R., B.S. in Ae.E., Aero 
dynamicist, Temco Aircraft Corp 

Nielson, James C., B.S. in Aec.E., J1 
Engr. ‘‘A’’—Experimental, Boeing Air 
plane Co. (Seattle) 

Prouty, Raymond W., B.S. in Ac.E 
Aero. Engr., Aerodynamics Sect., Heli 
copter Research Group, Hughes Aircraft 
Co 

Roensch, Robert L., B.S. in Ac.E., 
Student & Research Asst., Univ. of 
Michigan 

Schelp, Donald A., B.S. in Ae.E., Jr 
Engr., Aerodynamics Dept., Boeing Ait 
plane Co 

Schuler, John M., B.S.E. in Ae.E., Aero 
dynamicist “B,” Stability & Control 
Group, Douglas Aircraft Co., Inc. (El 
Segundo). 

Shafer, Harold R., Design Draftsman 
Steel Products Engineering Co. 

Startzell, Dale E., B.S., Design Engr 
Engineering & Research Corp 

Stennes, Arthur J., B.S.M.E. (Aero 
Process Engr., Federal Cartridge Co 


Changes of Address 


Since the Post Office Department 
does not as a rule forward magazines 
to forwarding addresses, it is impor- 
tant that the Institute be notified of 
changes in address 30 days in advance 
of publishing date to ensure receipt 
of every issue of the Journal and 
Review. 


Notices should be sent directly to 
the Institute of the Aeronautical 
Sciences, 2 East 64th Street, New 
York 21, NLY. 
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When 


Yes—it’s a fact—the Sperry Zero Reader 
Flight Director combines information 
supplied by five basic instruments...the 
gyro-horizon, directional gyro, magnetic 
compass, sensitive altimeter, and cross- 
pointer meter . . . for simplified manual 
control of aircraft. 

Widely specified for military, passenger, 
and executive planes, the Flight Direc- 
tor reduces pilot fatigue during en route 
flying. It combines the necessary infor- 
mation on a simple two-element indi- 
cator and directs the pilot how to move 
the controls to maintain altitude and 
heading with ease. This simplified direc- 
tor presentation . . . where the pilot flies 


GREAT NECK, NEW YORK + CLEVELAND + NEW ORLEANS e 


REVIEW—APRIL, 


1953 


Zero equals Five 


“zero”... is always used in the same 
manner, whether for leisurely cruising 
or for making landing approaches under 


rough conditions. 


The Flight Director was developed by 
Sperry with the cooperation and encour- 
agement of the All-Weather Flying 
Division, USAF, and the Air Transport 
Association. Its drama starts more than 


forty years ago with Sperry’s first re- 
search in gyroscopic flight. And the end 
of such research and development will 
never be in sight. For Sperry’s program 
is continuous. As it works for today, 
it pioneers for tomorrow, meeting and 
solving such complex problems as are 
presented in the fields of jet aircraft and 
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guided missiles. 
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TURBOJET ENGINE 


TEMPERATURE CONTROL AMPLIFIERS 


You wanteand must have completely reliable 
temperature control amplifiers — amplifiers de- 
signed and constructed to meet specific basic 
requirements of your turbojet engines, such as: 


1. Efficient operation in ambient temperatures from 
minus 65°F to plus 200°F. 

2. Vibration endurance covering a range from 5 to 
150 cycles per second. 


3. Operation in altitudes up to 60,000 feet through 
the use of hermetically-sealed components. 


4. Center-of-gravity shock mounting to permit in- 
stallation right on the turbojet engine. 


Manning, Maxwell & Moore turbojet engine tem- 
perature control amplifiers satisfy all four re- 
quirements. They incorporate a highly successful 
design principle thoroughly proved during years 
of concentrated research, development and tests 
devoted exclusively to automatic control systems 
for jet engines. 

We believe our ability to apply our unique de- 
sign technique to specific and unusual turbojet 
engine temperature control problems can be of 
real value to you. Our engineering counsel and 
extensive manufacturing and test facilities are at 
your service. We welcome your inquiry. 


MAXWELL 


MANNING 


TRADE MARK 


MANNING, MAXWELL & MOORE, INC. 


AIRCRAFT PRODUCTS DIVISION - STRATFORD, CONN. 


OUR AIRCRAFT PRODUCTS INCLUDE: TURBOJET ENGINE TEMPERATURE CONTROL AMPLIFIERS °* ELECTRONIC AMPLIFIERS 
PRESSURE SWITCHES FOR ROCKETS, JET ENGINE AND AIRFRAME APPLICATIONS * PRESSURE GAUGES 
THERMOCOUPLES * HYDRAULIC VALVES * JET ENGINE AFTERBURNER CONTROL SYSTEMS. 
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Aerodynamics (See also Missiles; Wind 
Tunnels & Research Facilities) 
Boundary Layer & Thermoaerody- 
namics (See also Thermodynamics) 
Control Surfaces 
Fluid Mechanics 

Theory 
Internal Flow 
Performance (See also Airplane De- 


& Aerodynamic 


sign—Descriptions; Gliders; Mis- 
siles; Rotating Wing Aircraft; 
Water-Borne  Aijircraft—Descrip- 
tions) 


stability & Control (See also ‘Instru- 


Wings & Airfoils wae also Aeroelas- 
ticity) 
Aeroelasticity 


Aeronautics, General 


Air Transportation (See also Airports; 
Flight Safety & Rescue; Laws & 
Regulations; Rotating-Wing Air- 
craft) 


Airplane Design (See also Flight Safety 
& Rescue; Military Aviation) 
Descriptions (See also Aerodynamics 
Performance; Production—Pro- 
duction of Specific Aircraft; Water- 
Borne Aijrcraft—Descriptions). 
Landing Gear..... 
Wing Group (See also Aerodynamics 
Wings & Aiirfoils). . 


Airports (See also Air Transportation) 
Runways 


Aviation Medicine. . 
Physiology 


Computers (See also Electronics; In 
struments) 


Education & Training 


Electronics (See also Computers;  In- 
struments Sciences, General 
Physics) 

Antennas 

Circuits & Components 

Communications (See also Naviga- 
tion; Space Travel) 
Electronic Controls (See also Instru- 
ments—-Servomechanisms) 
Electronic Tubes (See also Photog- 
raphy) 

Measurements & Testing. (See 
Materials—Testing) 

Noise & Interference. 

Transmission Lines 

Wave Propagation (See also Meteor- 
ology). . 
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PERIODICALS AND REPORTS 


Equipment (See also Airplane Design; 


Computers; Electronics; Instru- 

ments; Power Plants; Production) 119 
Hydraulic 119 
Pneumatic. . 120 


Flight Operating Problems (See also Air 
Transportation; Airports; Avia- 
tion Medicine; Meteorology; 
Wind Tunnels & Research Facilities) 120 
lce Prevention & Removal....... 120 


Refueling in Flight. 121 
Flight Safety & Rescue (See also Air 
Transportation) 121 
Fires 121 
Fuels & Lubricants (See also Power 
Plants; Thermodynamics; Sciences, 
General—Physics) 121 
Lubricants & Lubrication. 121 
Propellants 1921 
Gliders........ 191 
Instruments (See also Airplane Design 
Computers; Electronics; Meteor- 
ology; Wind Tunnels & Research 
Facilities) 191 
Recording Equipment (See also Pho- 
tography) 
Servomechanisms 129 
Stress & Strain Measurement (See also 
Materials—Testing; Structures 
Theory & Analysis) . 129 
Laws & Regulations................ 199 
Machine Elements (See a/so Equipment; 
Power Plants; Production; Struc- 
tures)... 123 
Maintenance (See also Airports). . 193 
Materials (See also Production; Struc- 
tures) 193 
Corrosion & Protective ... 193 


Metals & Alloys (See also Production 
Metalworking). . .. 193 


Metals & Alloys, Ferrous 123 
Metals & Alloys, Nonferrous 194 
Nonmetallic Materials 195 
Testing (See also Electronics—Meas- 
urements & Testing; Instruments 
Stress & Strain Measurement; Wind 
Tunnels & Research Facilities). 125 


Meteorology (See also Flight Operat- 
ing Problems; Navigation) 12 


Military Aviation (See also Airplane 


Design; Education & Training; 
Missiles; Production; Rotating 
Wing Aircraft; Water-Borne Aiir- 
craft) 126 
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Missiles (See also Power 
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Supersonic Wave Drag of Nonlifting 
Delta Wings with Linearly Varying Thick- 
ness_ Ratio. Arthur Henderson, Jr. 
U.S., N.A.C.A., Technical Note No. 2858, 
December, 1952. 51 pp., illus. 2 refer 
ences. 

Supersonic Theory of Downwash Fields. 
D. C. M. Leslie. Quarterly Journal of 
Vechanics and Applied Mathematics, Vol 
5, No. 8, September, 1952, pp. 292-300, 
illus. 9 references 

Manoeuvre Point Properties of the 
Aero-Isoclinic Wing; A Comparative 
Study of the Manoeuvring Stability of 
Aircraft with Aero-Isoclinic and Conven- 
tional Wings. A. S. Taylor. Aircraft 
Engineering, Vol. 24, No. 283, September, 
1952, pp. 257-262, illus. 2 references 
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Aeroelasticity 


Aerodynamic Coefficients of an Oscil- 
lating Airfoil with Control Surface in Two- 
Dimensional Subsonic Flow. A. I. van de 
Vooren. Journal of the Aeronautical 
Sciences, Vol. 20, No. 3, March, 1953, pp. 
153-159, illus. 6 references. 

Forced Vibration of a Rotating Elastic 
Body; A Study Applicable to Bodies Rotat- 
ing About a Fixed Axis and Including the 
Effects of Damping. D. C. Johnson. 
Aircraft Engineering, Vol. 24, No. 283, 
September, 1952, pp. 271-273. 4 refer- 
ences. 

Manoeuvre Point Properties of the 
Aero-Isoclinic Wing; A Comparative 
Study of the Manoeuvring Stability of 
Aircraft with Aero-Isoclinic and Conven- 
tional Wings. A. S. Taylor. Aircraft 
Engineering, Vol. 24, No. 283, September, 
1952, pp. 257-262, illus. 2 references. 

On the Conditions under which Energy 
can be Extracted from an Air Stream by an 
Oscillating Aerofoil. Lambourne. 
Aeronautical Quarterly, Vol. 4, Part I, 
August, 1952, pp. 54-68, illus. 
ences. 

Some Structural Parameters for an 
Aero-Isoclinic Wing; A Novel Method of 
Building an Aero-Isoclinic Wing. FE. H. 
Mansfield. Auzrcraft Engineering, Vol. 24, 
No. 283, September, 1952, pp. 263, 264, 
illus. 1 reference. 

A Study of the Application of Power- 
Spectral Methods of Generalized Har- 
monic Analysis to Gust Loads on Air- 
planes. Harry Press and Bernard Mazel- 
sky. U.S., N.A.C.A., Technical Note No. 
2853, January, 1953. 48 pp., illus. 10 
references. 

Theoreticab Investigations of Ternary 
Lifting Surface-—Control Surface—Trim- 
ming Tab Flutter and Derivation of a 
Flutter Criterion. H. Wittmeyer. Ct. 
Brit., Aeronautical Research Council, Re- 
ports and Memoranda No. 2671, 1952 
(October, 1948). 42 pp., illus. 13 refer- 
ences. British Information Services, New 
York. $2.50. 
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Aeronautics, General 


Aeronautics in 1952. I, II, II. The 
Engineer, Vol. 195, Nos. 5058, 5059, 5060, 
January 2, 9, 16, 1953, pp. 24-26; 55-57; 
91, 92, illus. Survey of rocket, missile, 
jet-engine, and other developments. 

Outlook for 1953. Jnteravia, Vol. 8, 
No. 1, January, 1953, pp. 11-20, illus. 
Partial Contents: The Future of Civil Air 
Transport, H. Ziegler. The Economic 
and Physiological Limits to Air Power, 
Pierre M. Gallois. 

The Fiftieth Year—of Heavier-than-air 
Flight: How the Wright Brothers made 
History. Geoffrey Dorman. Flight, Vol. 
62, No. 2292, December 26, 1952, pp. 774, 
775, illus. Comparison with present-day 
design and production methods. 

Jet Age Problems Aired by Aviation 
Industry Leaders. Leonard Westrate. 
Automotive Industries, Vol. 107, No. 7, 
October 1, 1952, pp. 49, 108, 110. Sym- 
posium discussion of design, research, and 
production problems at the Air Force 
Association’s 6th Annual Convention, 
Detroit, August 29, 1952. 
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A Proposed Revision of American Stand- 
ard Letter Symbols for Aeronautical 
Sciences. R.C. Hopgood. Aeronautical 
Engineering Review, Vol. 12, No. 1, Janu- 
ary, 1953, pp. 41-55, illus. 

Rex Pierson—The Man and his Work. 
The Aeroplane, Vol. 83, No. 2157, Novem- 
ber 21, 1952, pp. 686-688, illus. (First 
Rex Pierson Memorial Lecture, Royal 
Aeronautical Society, November 12, 1952. 
Also available in Flight, Vol. 62, Nos. 2287, 
2288, November 21, 28, 1952, pp. 650— 
652; 677, 678.) Survey of design and 
other achievements. 


A\ir Transportation 


Air Cargo Terminal Requirements: 
the Airport Operator’s Viewpoint. 
Thomas M. Sullivan. American Society 
of Mechanical Engineers, Annual Meeting, 
New York, November 30—December 5, 1952, 
Paper No. 52-A-165. 4 pp. 

Flying Dutchman; K. L. M. (Royal 
Dutch Airlines)—An Outline Survey of 
Equipment, Activities and Policy. Flight, 
Vol. 63, No. 2293, January 2, 1952, pp. 
13-16, illus. 

Problems of Turboprop-Turbojet Air 
Transport Operations. Leslie E. Neville 
(Moderator). Skyways, Vol. 11, No. 11, 
November, 1952, pp. 26-29, 51-57, illus. 
Flight Operations Round Table. 

(Qantos) Proving Flight (from Sydney) 
to South Africa. J. L. B. Cowan. Air- 
craft (Australia), Vol. 31, No. 1, October, 
1952, pp. 26, 27, 48, 49, illus. 

(Scandinavian Airlines System’s) Polar 
Service Prospects. The Aeroplane, Vol. 
83, No. 2159, December 5, 1952, p. 757, 
illus. 

Three-Nation Airline. Flight, Vol. 62, 
No. 2287, November 21, 1952, pp. 646, 
647, illus. Operation of Danish, Nor- 
wegian, and Swedish registered aircraft 
by the Scandinavian Airlines System. 

Trans-Australia Airlines. Esso Air 
World, Vol. 5, No. 1, July-August, 1952, 
pp. 2-6, illus. Survey of 1946-1952 
activities and growth. 


Airplane Design 


Airplane Weight and Cost Can Be Re- 
duced. E.H. Heinemann. Aeronautical 
Engineering Review, Vol. 12, No. 1, Janu- 
ary, 1953, pp. 20-23, illus. Design trends 
in terms of cost and other factors. 

West’s Great Industry Impresses AWA. 
Western Aviation, Vol. 32, No. 8, August, 
1952, pp. 8-11, illus. Characteristics of 
aircraft and components demonstrated at 
Aviation Writers Association, 14th Annual 
Convention, July 9-12, Los Angeles 

Temperature Control for Jet-engined 
Aircraft. The Aeroplane, Vol. 83, No. 
2155, November 7, 1952, pp. 639, 640, 
illus. (Based on a paper by E. W. Still, 
presented at the Royal Aeronautical 
Society, October 30, 1952.) For fighter, 
bomber, and civil types. 

Air Brakes for an Aerial Destroyer 
(Northrop F-89 Scorpion); Development 
of the ‘‘Deceleron’’.... Boyd Richard- 
son. Western Aviation, Vol. 32, No. 10, 
October, 1952, pp. 20-22, illus. 

Services Favor Emergency Protection 
for Controls of Single-Engine Jets. B. J. 
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Ryder. SAE Journal, Vol. 60, No. 9 
September, 1952, pp. 66,67. 

Up, Out and Down; Development and 
Operation of the Martin-Baker Ejector 
Seat. Flight, Vol. 62, No. 2286, Novem- 
ber 14, 1952, pp. 612, 613, illus 


Descriptions 

Avro Delta, Javelin Spearhead UK 
Combat Aircraft Progress. William 
Green. Canadian Aviation, Vol. 25, No. 


11, November, 1952, pp. 38, 40, 42, 84, 
86-91, illus. Descriptions include other 
aircraft. 

Britain’s New Military and Civilian 
Planes. W. F. Bradley. Automotive In- 
dustries, Vol. 107, No. 8, October 15, 1952, 
pp. 34-37, 85, 86, 88, 90, illus. Technical 
developments in aircraft and gas turbine 
engines at Farnborough. 

de Havilland D.H.-4 Series Single- 
Engined (World War I) Bomber Aircraft. 
J. M. Bruce. Flight, Vol. 62, No. 2282, 
October 17, 1952, pp. 506-510, illus. De- 
tails of various British and American 
models. 


(D.H.C.-3) Otter Seaplane Perform- 
ance Matches (D.H.C.-2) Beaver. 
Ronald A. Keith. Canadian Aviation, 
Vol. 25, No. 10, October, 1952, pp. 28, 
30, 32, 66, illus. 


For the ‘‘Rapier’’ Force of Bomber 


Command. Flight, Vol. 63, No. 2294, 
January 9, 1953, pp. 42, 43, illus. Com- 


parison of Handley Page H.P. 80 with 
English Electric Canberra B.2, Avro 
Vulcan B.1, and Vickers Valiant B.1. 

Hurel-Dubois Cargo Projects. The 
Aeroplane, Vol. 83, No. 2155, November 
7, 1952, pp. 634-638, illus. High-aspect- 
ratio models H.D.-31 and H.D.-32; speci- 
fications. 

Hurel Dubois Transports; Progress 
with the HD-31 and 32: The HD-45 Jet 
Project. Flight, Vol. 62, No. 2288, 
November 28, 1952, pp. 676, 677, illus. 

The Navy Combat Airplane. Acro 
Digest, Vol. 65, No. 4, October, 1952, pp 
62-82, illus. Design requirements; 
duction procedures. 

New Variants of the Dove ; Flying Class- 
rooms for the R.N.Z.A.F.; ... Radio and 
Navigational Trainers Based on _ the 
Standard 8-Seater Dove. de Havilland 
Gazette, No. 70, August, 1952, pp. 108-110, 
illus. 

Post-War Trends and Developments in 
British Aircraft; A Survey of Progress 
Since 1949 as Exemplified by the Aircraft 
Demonstrated at the S.B.A.C. Displays. 
A. F. Newell. Aircraft Engineering, Vol. 
24, No. 283, September, 1952, pp. 246-256, 
illus. 

Two Italian Military Trainers. he 
Aeroplane, Vol. 83, No. 2160, December 
12, 1952, pp. 781-783, illus. The Piaggio 
P. 150 and the Macchi M.B. 323. 

The U.S. Air Force Combat Airplane. 
Aero Digest, Vol. 65, No. 4, October, 1952, 
pp. 26-53, illus. Design requirements; 
piloting strategy; costs. 

Boeing B-47 Stratojet 
Turbojet Bomber Aircraft. Robert M. 
Robbins and William H. Cook. Jnteravia, 
Vol. 8, No. 1, January, 1953, pp. 32-34, 
illus. Flight characteristics. 


pro- 


Six-Engined 
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Boeing YB-52 Stratofortress Eight- 


Engined Turbojet Bomber Aircraft. 
Flight, Vol. 62, No. 2289, December 5, 


1952, pp. 702-704, illus 

Convair Turboliner Twin-Engined 
Turboprop Transport Aircraft. SAE 
Journal, Vol. 60, No. 9, September, 1952, 
pp. 28-32, illus. Results of flight testing 
and investigations with turboprop engines. 

Convair XC-99 Six-Engined Experi- 
mental Twin-Deck Transport Aircraft. 
Western Aviation, Vol. 32, No. 8, August, 
1952, p. 16, illus. Operational statistics; 
proposed production model 

de Havilland-Airspeed AS-57 Ambassa- 
dor (The Elizabethan) Twin-Engined 
Transport Aircraft, England. The Aero- 
plane, Vol. 83, No. 2156, November 14, 
1952, pp. 661-664, illus. Features and 
controls from flight crews’ point of view. 

de Havilland D.H. 108 Comet Four- 
Engined Turbojet Transport Aircraft 
England. C. T. Wilkins. The Engineer, 
Vol. 194, No. 5054, December 5, 1952, pp 
767, 768. (Also available in Flight, Vol 
62, No. 2289, December 5, 1952, p. 705.) 

Douglas DC-6B Four-Engined Trans- 
port Aircraft. R.E. Gillman. The Aero- 
plane, Vol. 83, No. 2161, December 19, 
1952, pp. 814-816, illus. Handling meth- 
ods; operation of visual omnirange equip- 
ment and the zero reader 

English Electric Canberra T-4 Twin- 
Engined Turbojet Trainer Aircraft, Eng- 
land. Flight, Vol. 62, No. 2287, Novem 
ber 21, 1952, p. 645, illus 


Fairchild C-119H Twin-Engined Cargo 


Aircraft. Canadian Aviation, Vol. 25, 
No. 10, October, 1952, pp. 44, 46, 64, 
illus. Comparison with C-82. 


Fiat G-49 Series Trainer 
Italy. Flight, Vol. 62, No 
24, 1952, p. 537, illus 

Gloster F(AW)-1 Javelin Delta-Wing 
All-Weather Twin-Engined Turbojet 
Fighter Aircraft, England. Flight, Vol. 62, 
No. 2283, October 24, 1952, p. 529, illus 

Handley Page H.P. 80 Victor Crescent- 
Swept-Wing Four-Engined Jet Bomber 
Aircraft, England. //andley Page Bulle 
tin, Vol. 19, No. 206, January, 1958, pp 
1-6, illus. (Also in 7 leroplane, Vol 
84, No. 2163, January 2, 1953, pp. 6, 7.) 

K.B.L.Z.S. KB-6 Matajur Two-Place 
Trainer Aircraft, Yugoslavia. The Aero- 
plane, Vol. 83, No. 2162, December 26, 
1952, p. 850, illus 

Lockheed 1049 B Super Constellation 
Four-Engined Cargo Aircraft. L. R 
“Mike” Hackney and C. J. Rausch 
Western Aviation, Vol. 32, No. 10, October, 
1952, pp. 33, 35, 36, 38, illus 

Lockheed 1049C Super Constellation 
Four-Engined Transport Aircraft. IJ, III. 
Aircraft (Canada), Vol. 14, Nos. 8, 9, 
August, September, 1952, pp. 18, 20, 23; 
17, 19, 21, illus. 

Max Holste MH-1521 Six-Place Light 
Aircraft, France. Zhe Aeroplane, Vol. 84, 
No. 2163, January 2, 1953, p. 26, illus 

MiG-15F Two-Place Swept-Wing Twin- 
Engined Jet Fighter Aircraft, U.S.S.R. 
Aircraft (Australia), Vol. 31, No. 1, Octo- 
ber, 1952, pp. 30, 46, illus 

Mooney Model 20 Four-Place Light 
Aircraft. Al W. Mooney. Flight Maga- 
zine, Vol. 38, No. 3, September, 1952, pp. 
16-18, 47-50, illus. 


Aircraft, 
2283, October 
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Morane-Saulnier M.S. 755 Twin-En- 
gined Turbojet Trainer Aircraft, France. 
Flight, Vol. 63, No. 2294, January 9, 1953, 
p. 44, illus 

Northrop F-89D Scorpion Twin-En- 
gined Turbojet Fighter Aircraft. Wester 
Aviation, Vol. 32, No. 9, September, 1952 
pp. 12, 15, illus. Details of wing-tip pods 
for rockets. 

Piaggio P-150 Two-Place Trainer Air- 
craft, Italy. Flight, Vol. 62, No. 2289 
December 5, 1952, p. 705, illus. 

Saab-32 Lansen Swept-Wing Jet 
Fighter Aircraft, Sweden. Jnteravia, Vol 
7, No. 12, December, 1952, p. 691, illus. 

Short-Harland Canberra B-2 Twin- 
Engined Turbojet Bomber Aircraft, Ire- 
land. Flight, Vol. 62, No. 2285, Novem 
ber 7, 1952, p. 581, illus. 

S.N.C.A.S.O. SO 30 Bretagne Twin- 
Engined Commercial Transport Aircraft, 
France. Flight, Vol. 62, No. 2281, Octo 
ber 10, 1952, pp. 480, 481, illus. 

U-MiG-15 Two-Place Swept-Wing 
Turbojet Trainer, Aircraft U.S.S.R. Air 
craft (Australia), Vol. 30, No. 12, Septem 
ber, 1952, pp. 29, 52, illus. 

Vickers-Armstrongs Viking 1B Twin- 
Engined Transport Aircraft, England. 
The Aeroplane, Vol. 83, No. 2163, January 
2, 1953, pp. 17-20, illus. 

Vickers-Armstrongs Viking V.C.-1 Ad- 
miral Twin-Engined Transport Aircraft, 
England. Flight, Vol. 62, No. 2284, 
October 31, 1952, pp. 556-559, illus. 

Vickers-Armstrongs Viscount Dart-Da- 
kota Twin-Turboprop Freighter Aircraft, 
England. Flight, Vol. 62, No. 2285, 
November 7, 1952, pp. 578, 579, illus. Re 
sults of B.E.A.’s experience. (Also in 
The Acroplane, Vol. 83, No. 2160, Decem 
ber 12, 1952, pp. 776-780.) 


Landing Gear 


Dynamic Reactions in Hop Dampers for 
Bogie Undercarriages; Calculation of the 
Effects of Sudden Application of the Wheel 
Brakes. J. Nightingale. Aircraft Engi 
neering, Vol. 24, No. 284, October, 1952, 
pp. 298, 299, 318, illus. 

Hydro-Skis; The Background of De- 
velopment in America; Britain in the 
Running. Flight, Vol. 62, No. 2289, 
December 5, 1952, pp. 690, 691, illus 

Hydro-Skis and their Possibilities. 
The Aeroplane, Vol. 83, No. 2159, Decem 
ber 5, 1952, pp. 740-742, illus. 

Low-temperature Tyre Testing. R 
Axe. The Acroplane, Vol. 83, No. 2157, 
November 21, 1952, pp. 694, 695, illus. 4 
references. Methcds and equipment used 
at the Dunlop Research Centre, Birming- 
ham, England 

Special (Dowty) Equipment for Testing 
Landing Gear. W. F. Bradley. Automo 
tive Industries, Vol. 107, No. 7, October 1, 
1952. pp. 61, 100, illus. 


Wing Group 


The Advantages of High Aspect Ratio. 
M. Hurel. Jmnteravia, Vol. 7, No. 12, De- 
cember, 1952, pp. 695-699, illus. Applica- 
tions to turboprop, turbojet, and piston- 
engined aircraft; characteristics of H.D.- 
10, H.D.-31, H.D.-32, and H.D.-45. 

All-Cast Magnesium Airplane Coming 
Up! Northrop and Alcoa Pool Talents to 
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toP—Start of the stretch-wrap forming 
operation showing jaws curved to match 
the vertical profile of a spherical die. 
BOTTOM—Flexibility and versatility of 
Hydra-Curve jaws are evident here. Con- 
vex, concave and compound die curves 
are easily matched. 
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New HYDRA-CURVE JAWS make possible unusually 


deep curvatures with Hufford Stretch-Wrap Forming 


Here’s another stretch-wrap forming 
milestone...successful development of 
the new Hufford HYDRA-CURVE 
JAWS! They curve full size sheets to 
match vertical die profiles before 
stretch-wrap forming . . . simplify for- 
mation of extreme convexities or con- 
Cavities. 

SAVES HUNDREDS OF DOLLARS DAILY— 
One plant, using HYDRA-CURVE 
JAWS, reports material savings alone 
of $335 per day . . . possible because a 
large surplus of stock between die ends 
and jaw grippers is no longer required 
to equalize stresses. 


RIDE 
Mpchiee Pre 


EL SEGUNDO, CALIFORNIA 


BETTER PARTS—Hydra-curving not only 
cuts waste, it reduces stresses, prevents 
tearing and resultant losses, overcomes 
wrinkling and insures better skin fits 
which cut assembly time. 

DIE COSTS REDUCED—Expensive-to- 
make dish-outs on dies are no longer 
required to reduce transitional stresses. 
These savings are reflected in lower die 
costs. 

WHY NOT GET THE FACTS ON HUF- 
FORD HYDRA-CURVE JAWS? Here's in- 
dustry’s newest tool for stretch-wrap 
forming. It’s saving money and doing a 
far better job, too! 
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IEW 


RESEARCH 
ENGINEERING 
DEVELOPMENT 
DESIGN 
PRODUCTION 
OPERATION 


MAINTENANCE 
FIELD SERVICE 


.. telemetrics...physics 
..aerodynamics? Land-Air 
above) and Land-Air 
gineeting, can frequently solve the 
problem more quickly and economically 
than you can do it yourself. If it’s facts 


you need, call on Land-Air. 


LAND-AIR, 


General Offices: 
440 WEST SUPERIOR ST., CHICAGO 10, ILL. 
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Produce Experimental Wing for Test 
Western Aviation, Vol. 32, No. 8, August 
1952, p. 15, illus. 

The Crescent Wing; Brief Design 
analysis of a New Shape in the Sky. 
Flight, Vol. 63, No. 2294, January 9 
1953, pp. 30, 31, illus. 

An Engineering Comparison of Wing 
Planforms for Supersonic Speeds. K. E 
Van Every. Automotive Industries, Vol 
108, No. 3, February 1, 1953, pp. 60-63 
92, 94, 96, 98, illus. 6 references. (Also in 
The Aeroplane, Vol. 83, No. 2162, Decem 
ber 26, 1952, pp. 840-844.) 

Shape of Wings to Come. Flight, Vol 
62, No. 2279, September 26, 1952,. pp 
408-410, illus. (Based on a lecture by D 
Keith-Lucas at the British Association, 
September 8, 1952.) Aerodynamic and 
design problems connected with various 
types. 

Some Structural Parameters for an 
Aero-Isoclinic Wing; A Novel Method of 
Building an Aero-Isoclinic Wing. E. H 
Mansfield. Aircraft Engineering, Vol. 24, 
No. 283, September, 1952, pp. 263, 264, 
illus. 1 reference 

Supersonic Wing Shapes. J[nteravia 
Vol. 8, No. 1, January, 19538, pp. 21-35, 
illus. 10 references. Partial Contents 
What’s in a Shape?—Straight, Swept or 
Delta? Scholer Bangs. An Engineering 
Comparison Using Straight, Swept, and 
Delta Wings, K. E. Van Every The 
Delta—Shape of the Future. Boeing 
Builds Swept-Wing Bombers, Robert M 
Robbins and William H. Cook. 


Airports 


Developing Gatwick—as a New Airport 
for London: M.C.A. (Ministry of Civil 
Aviation) Plans Announced. Flight, Vol 
62, No. 2282, October 17, 1952, p. 503, 
illus 

Final Approach Visibility Studies at 
Airports in the United States. B. C 
Haynes. Aeronautical Engineering Re 
view, Vol. 12, No. 3, March, 1953, pp. 
44-48, illus. 7 references. 

London Rotor-Station Design; Pro- 
posed Layout for a Charing Cross Station 
Site. Flight, Vol. 63, No. 2293, January 2 
1953, p. 10, illus 

The Spacing of Aircraft Under “ 
Density Approach Conditions. FE 
Whiteley Royal Aeronautical Socic 
Journal, Vol. 56, No. 500, August, 1952, 
pp. 573-614; Discussion, pp. 615-618, 
illus. 25 references. 

Stockholm Touchdown; Varied Activity 
at Bromma Airport: Some Lesser-known 
Aspects. Flight, Vol. 62, No. 2288 
November 28, 1952, pp. 668, 669, illus 

Turning the Corner at London Airport. 
The Aeroplane, Vol. 83, No. 2159, Decem 
ber 5, 1952, pp. 753-756, illus. Building 
progress; future plans 

A 200ft Span Aluminium Hangar. 7/i¢ 
Engineer, Vol. 195, No. 5061, January 23, 
1953, pp. 127-129, illus. At the de Havil 
land Aircraft Company, Hatfield, England; 
structural details 

World Air Gateway; Recent Progress 
at London Airport: Plans for Future De- 
velopment. Flight, Vol. 62, No. 2281, 
October 10, 1952, pp. 478, 479, 481, illus 
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Runways 


The Design and Construction of Airfield 
Pavements. M. J. Tomlinson. Royal 
Aeronautical Society, Journal, Vol. 56, No. 
504, December, 1952, pp. 877-884, illus 
6 references. 

Field Equipment for Vibratory Compac- 
tion of Soils and Base Courses. William 
M. Aldous and Harry W. Wills. U-.S., 
C.A.A., Technical Development Report No 
186, November, 1952. 15 pp., illus. 

The Influence of Tyre Pressure on the 
Design of Aerodrome Pavements. W. 
Fisher Cassie. Royal Aeronautical So- 
ciety, Journal, Vol. 56, No. 501, September, 


1952, pp. 691-700, illus. 11 references. 


Aviation Medicine 


From Aviation Medicine to Space 
Medicine. H. Strughold. Journal of 
lviation Medicine, Vol. 23, No. 4, August, 
1952, pp. 315-318, 329, illus. 25 ref 
erences. Research problems. 

The H Factor in Engineering Design. 
Clifford Seitz. Aeronautical Engineering 
Review, Vol. 12, No. 3, March, 1952, pp 
42,43. 8 references. 

Human Centrifuge. Aircraft 
Canada), Vol. 14, No. 8, August, 1952, pp 
15, 16, illus. 40g type at the U.S. Naval 
Medical Acceleration Laboratory 

Human Problems in Escape from High- 
Speed Aircraft. Harvey E. Savely. Air 
Unwersity Quarterly Review, Vol. 5, No. 2, 


Spring, 1952, pp. 65-76, illus. 10 ref 
erences 
Predictive Diagnosis. G. J. Kidera 


leronautical Engineering Review, Vol. 12, 
No. 3, March, 1953, pp. 31, 48, illus 


Physiology 


Animal Studies of the Subgravity State 
during Rocket Flight. J. P. Henry, E. R 
Ballinger, P. J. Maher, and D. G. Simons 
Journal of Aviation Medicine, Vol. 23, No 
5, October, 1952, pp. 421-482, illus. 11 
references. 

Continuous Recording of Oxygen, Car- 
bon Dioxide and Other Gases in Sealed 
Cabins. Hans Georg Clamann. Journal 
f Aviation Medicine, Vol. 23, No. 4, 
August, 1952, pp. 
references. 


330-333, illus. 5 
Oxygen requirements at high 
iltitudes; control of the composition of 
cabin atmosphere. 


Exposure Hazards from Cosmic Radia- 
tion beyond the Stratosphere and in Free 
Space. Hermann J. Schaefer. Journal of 

lviation Medicine, Vol. 23, No. 4, August, 
1952, pp. 334-344, 401, illus. 16 ref 
erences 

Human Experiments in Subgravity and 
Prolonged Acceleration. E. R. Ballinger 
Journal of Aviation Medicine, Vol. 23, No 
1, August, 1952, pp. 319-321, 372 

Human Tolerance to Acute Exposure to 
Carbon Dioxide; Report No. 1: Six Per 
Cent Carbon Dioxide in Air and in Oxygen. 
Clayton S. White, Jane H. Humm, Eliza- 
beth D. Armstrong, and Nils P. V. Lund 
gren. Journal of Aviation Medicine, Vol 
23, No. 5, October, 1952, pp. 4389-455, 
illus. 9 references. 

Influence of the Variations of Oxygen 
Saturation of the (Arterial) Blood from 
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Pressure of the Cephalorachidian Fluid. 
R. Grandpierre, C. Franck, and F. Vio- 
lette. Journal of Aviation Medicine, Vol. 
23, No. 5, October, 1952, pp. 474-476. 8 
references. 

Physics and Psychophysics of Weight- 
lessness; Visual Perception. Siegfried J. 
Gerathewohl. Journal of Aviation Medi- 
cine, Vol. 28, No. 4, August, 1952, pp. 
373-395, illus. 69 references. 

Physiological Day-Night Cycle in Global 
Flights. H. Strughold. Journal of 
Aviation Medicine, Vol. 23, No. 5, October, 
1952, pp. 464-478, illus. 27 references 

Radiation Hazards in High Altitude 
Aviation. Cornelius A. Tobias. Journal of 
Aviation Medicine, Vol. 23, No. 4, October, 
1952, pp. 345-372, illus. 

Studies on Cerebral Physiology of 
Monkeys at 12 Negative G. T. D. Duane, 
R. L. Wechsler, J. E. Ziegler, and E. L 
Beckman. Journal of Aviation Medicine, 
Vol. 23, No. 5, October, 1952, pp. 479-489, 
544, illus. 18 references. 

Temperature Changes in Human Sub- 
jects during Exposure to Lowered Oxygen 
Tension in a Cool Environment. Arnold 
L. Brown, Jr., Gordon F. Vawter, and 
John P. Marbarger. Journal of Aviation 
Medicine, Vol. 23, No. 5, October, 1952, 
pp. 456-468, illus 


70 references 


6 references 


Computers 


Automatic Computers Go To Work on 
Design Problems. SAE Journal, Vol. 60, 
No. 12, December, 1952, pp. 17-28, illus. 
Analog versus digital types; aircraft prob 
lems and experience 

Automatic Reduction of Wind-Tunnel 
Data. V.S. Haneman, L. I. Rauch, R. J. 
Leife, and U. A. Cotecchia. Aeronautical 
Engineering Review, Vol. 12, No. 2, Febru- 
ary, 1953, pp. 42-47, illus. Development 
of an analog computer by University of 
Michigan Engineering Research Institute 
under Wright Air Development Center 
sponsorship. 

MONECA—A New Network Calculator 
for (Single-Phase Induction) Motor Per- 
formance Calculations. C. G. Veinott 
Electrical Engineering, Vol. 71, No. 9 
September, 1952, pp. 795-801, illus 
1 reference. 

A Source of Computing Voltage with 
Continuously-variable Output. R. W. 
Williams and G. M. Parker. Journal of 
Scientific Instruments, Vol. 29, No. 10, 
October, 1952, pp. 322-324, illus. 1 
reference. Circuit for use in analog types. 

The Use of Extrapolation Techniques 
with Electrical Network Analogue Solu- 
tions. R. Culver. British Journal of 
A pplied Physics, Vol. 3, No. 12, December, 
1952, pp. 376-378, illus. 7 references. 

Dial-Reading Translator for Digital 
Machine Input. A. L. Klein and K. P. 
Gow. Electrical Engineering, Vol. 71, No. 
10, October, 1952, p. 882, illus. De 
veloped for potentiometers used at the 
Southern California Cooperative Wind 
Tunnel. 

A Digital Automatic Multiple Pressure 
(Measuring) Recorder. U.S., N.A.C.A., 
Technical Note No. 2880, January, 1953. 
24 pp., illus. 

An Electronic Computer. M. Beard 
and T. Pearcy. Journal of Scientific In- 
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struments, Vol. 29, No. 10, October, 1952, 
pp. 305-311, illus. 3 references. The 
CSIRO Mark I, serial binary digital type 
developed by the Radiophysics Division of 
the Commonwealth Scientific and Indus- 
trial Research Organization, Sydney, Aus- 
tralia. 

Electronic Computer. Mechanical En- 
gineering, Vol. 74, No. 10, October, 1952, 
pp. 817, 818. Features of the digital 
Maniac, developed at University of Cali- 
fornia Los Alamos Scientific Laboratory. 

Ferroelectric Storage Elements for 
Digital Computers and Switching Systems. 
J. R. Anderson. Electrical Engineering, 
Vol. 71, No. 10, October, 1952, pp. 916 
922, illus. 2 references. 

Further Data on the Design of Eccles- 
Jordan Flip-Flops. Morris Rubinoff. 
Electrical Engineering, Vol. 71, No. 10, 
October, 1952, pp. 905-910, illus. 2 
references. 
circuits. 

On Two Problems in Potential Theory 
and Their Application to the Design of 
Magnetic Recording Heads for Digital 
Computers. A.D. Booth. British Journal 
of Applied Physics, Vol. 3, No. 10, October, 
1952, pp. 307, 308, illus. 


For use in large-scale digital 


4 references. 


Education & Training 


Aircraft Apprenticeship; An Examina- 
tion of the Facilities Offered by .. .(A. V. 
Roe and Co., Ltd.) Flight, Vol. 62, No 
2292, December 26, 1952, pp. 782-784, 
illus. 

Civil Air College; Pilot / Navigator 
Training at the London School of Air 
Navigation. Flight, Vol. 63, No. 2294, 
January 9, 19538, p. 39, illus 

Classroom in the Air. 7he Aeroplane, 
Vol. 83, No. 2157, November 21, 1952, pp 
689-693, illus. The work of the Depart- 
ment of Flight at the College of Aero- 
nautics, Cranfield. 

Night Vision Training at the USAF 
School of Aviation Medicine. Wayne E. 
Gulley. Journal of Aviation Medicine, 
Vol. 23, No. 5, October, 1952, pp. 490-494, 
529, illus. 

Pre-Service Schools in Pakistan; Air- 
Service Training, Ltd., Inaugurate a New 
Educational Scheme. Flight, Vol. 62, No. 
2279, September 26, 1952, p. 423, illus 

Propulsion, Research and Instruction. 
The Aeroplane, Vol. 84, No. 2163, January 
2, 1953, pp. 11-16, illus. Curriculum, 
equipment, and training methods of the 
Department of Aircraft Propulsion at the 
College of Aeronautics, Cranfield. 

Training Naval Air Observers; Success 
of a New Intensive System at R.N. Air 
Station St. Merryn. Flight, Vol. 62, No 
2284, October 31, 1952, pp. 550, 551, illus 


Electronics 


Hazards to Flying in the Arctic with 
Some Solutions. Spencer Kellogg, II 
Sperryscope, Vol. 12, No. 10, Summer, 
1952, pp. 5-7, illus. Developments in 
navigational instrumentation and_tech- 
niques. 

The Origin of Errors in Airborne M.F. 
Direction Finding. J. H. Moon. Marconi 
Review, Vol. 15, No. 106, 3rd Quarter, 


1952, pp. 97-113, illus. 7 references 
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The Use of Radioactive Material for the 
Generation of High Voltage. E.G. Linder 
and S. M. Christian. Journal of Applied 
Physics, Vol. 23, No. 11, November, 1952, 
pp. 1213-1216, illus. 3 references. 

Variable H. T. Power Pack. A. H. B. 
Walker. Wireless World. Vol. 58, No. 9, 
September, 1952, pp. 374-376, illus. 

Radomes; Types of Construction; 
Problems of Material Control and Manu- 
facture. J. A. Sporcic and R. L. Whann. 
Aircraft Production, Vol. 14, No. 170, 
December, 1952, pp. 424-430, illus. 

Multipoint Telemetering System Using 
Teletype Transmission. A. J. Hornfeck 
and G R. Markow. Electrical Engineer- 
ing, Vol. 71, No. 10, October, 1952, pp. 
929-935, illus. 4 references. 


Antennas 


An Improved Theory of the Receiving 
Antenna. Ronold King. /nstitute of 
Radio Engineers, Proceedings, Vol. 40, No. 
9, September, 1952, pp. 1113-1120, illus 
17 references. 

The Magnetic Dipole Antenna Im- 
mersed in a Conducting Medium. James 
R. Wait. Institute of Radio Engineers, 
Proceedings, Vol. 40, No. 10, October, 
1952, pp. 1244, 1245. 4 references. 

Receiving Properties of a Wire Loop 
With a Spheroidal Core. James R. Wait. 
Canadian Journal of Technology, Vol. 31, 
No. 1, January, 1958, pp. 9-14, illus. 4 
references. 

Simultaneous Radiation of Odd and 
Even Patterns by a Linear Array. Chester 
B. Watts, Jr. Institute of Radio Engi- 
neers, Proceedings, Vol. 40, No. 10, Octo- 
ber, 1952, pp. 1236-1239, illus. 4 ref- 
erences. 

Static Discharge Protection for Aircraft 
Antennas. M. M. Newman. SAE Jour- 
na, Vol. 60, No. 9, September, 1952, pp. 
71, 72, illus. Equipment and method. 

Theory of Electrically Short Transmitting 
and Receiving Antennas. Ronold King. 
Journal of Applied Physics, Vol. 23, No. 
10, October, 1952, pp. 1174-1187, illus 
12 references. 


Circuits & Components 


Calculating Transient Response; Sim- 
plified Derivation from Frequency and 
Phase Characteristics. Thomas Roddam. 
Wireless World, Vol. 58, No. 8, August, 
1952, pp. 292-295, illus. 2 references. 

Current Trends in Potentiometers. 
Philip S. Schmidt. Product Engineering, 
Vol. 23, No. 10, October, 1952, pp. 166 
172, illus. 

Making the Best of an Audio Trans- 
former. N. H. Crowhurst. Audio Engi- 
neering, Vol. 37, No. 1, January, 1953, pp 
40, 42, 44, 74-76, illus 5 references 
Analysis of characteristics and perfor- 
mance. 

Resonance Characteristics by Conformal 
Mapping. P. M. Honnell and R. E 
Horn. Institute of Radio Engineers, Pro- 
ceedings, Vol. 40, No. 10, October, 1952, 
pp. 1211-1215, illus. & references. 

R. F. Characteristics of Capacitors; 
Outline of Factors Controlling Perform- 
ance. R. Davidson. Wireless World, Vol. 
58, No. 8, August, 1952, pp. 301-304, 
illus. 


Wave Filter Characteristics by a Direc 
Method. R. C. Taylor and C. U. 
Watts. Electrical Engineering, Vol. 71, 
No. 10, October, 1952, p. 911, illus. 

The Application of Transducers As Re- 
lays to Protective Gear. R. K. Edgley and 
F. L. Hamilton. (J.E.E., Measurements 
Section, Paper No. 1249 Institution of 
Electrical Engineers, Proceedings, Part II, 
Power Engineering, Vol. 99, No. 70, 
August, 1952, pp. 297-309; Discussion 
pp. 309-313, illus. 15 references. 

The Design of a Practical D.C. Amplifier 
Based on the Second-Harmonic Type of 
Magnetic Modulator. S. W. Noble and 
P. J. Baxandall. (/.E.E., Measurements 
Section, Paper No. 1207 Institution of 
Radio Engineers, Proceedings, Part IT, 
Power Engineering, Vol. 99, No. 70, 
August, 1952, pp. 327-344; Discussion, pp. 
344 348, illus. 10 references. 

Development of Vacuum Capacitors. 
S. J. Borgars. (J.E.E., Radio Section, 
Paper No. 1342.) Institution of Electrical 
Engineers, Proceedings, Part III, Radio 
and Communication Engineering, Vol. 99, 
No. 61, September, 1952, pp. 307-315, 
illus. 2 references 

High-Frequency Crystal Units for Pri- 
mary Frequency Standards. A. W. War- 
ner. Institute of Radio Engineers, Pro- 
ceedings, Vol. 40, No. 9, September, 1952, 
pp. 1030-1033, illus. 1 reference. 

High-Gain D.C. Amplifiers. K. Kan- 
diah and D. E. Brown L.E.E., Measure- 
ments Section, Paper No. 1196.) Institu- 
tion of Electrical Engineers, Proceedings, 
Part II, Power Engineering, Vol. 99, No 
70, August, 1952, pp. 314-326; Discussion, 
pp. 344-348, illus. 29 references. 

Radiation from a Dielectric Wave 
Guide. Robert M. Whitmer. Journal of 
Applied Physics, Vol. 23, No. 9, Septem- 
ber, 1952, pp. 949-953, illus. 2 references 
Calculation from a branch-cut integral. 

The Behavior of Rectangular Hysteresis 
Loop Materials Under Current Pulse Con- 
ditions. Eugene A. Sands. Institute of 
Radio Engineers, Proceedings, Vol. 40, No. 
10, October, 1952, pp. 1246-1250, illus. 3 
references. 

A New Permanent Magnet from Pow- 
dered Maganese Bismuthide. Edmond 
Adams, William M. Hubbard, and Albert 
M. Syeles. Journal of Applied Physics, 
Vol. 23, No. 11, November, 1952, pp 
1207-1211, illus 29 references 

Ultrathin Magnetic Alloy Tapes with 
Rectangular Hysteresis Loops. M. F 
Littmann. Electrical Engineering, Vol. 71, 
No. 9, September, 1952, pp 792-795, illus 
2 references. 

Networks with Maximally-Flat Delay. 
W. E. Thomson. Engineer, Vol 
29, No. 349, October, 1952, pp. 256-263, 
illus. 9 references 

The Use of Extrapolation Techniques 
with Electrical Network Analogue Solu- 
tions. R. Culver British Journal of 
A pplied Physics, Vol. 3, No. 12, December, 
376- 7 references. 

Cascade LCR Phase-Shift Oscillators. 
F. Butler. Wireless Engineer, Vol. 29, 
No. 349, October, 1952, pp. 264-268, illus. 
4 references. 

Conductance Measurements on Operat- 
ing Magnetron Oscillators. Markus 
Nowogrodzki. Institute of Radio Engi- 


neers, Proceedings, Vol. 40, No. WW 
October, 1952, pp. 1239-1243, illus. 10 
references. 

The Impulse-Governed Oscillator, a 
System for Frequency Modulation. E. H 
Hugenholtz. Philips Technical Review, 
Vol. 14, No. 5, November, 1952, pp. 130 
140, illus. 14 references. 

A New (V.H.F.-U.H.F.) Oscillator—50 
to 250 Mc (Type 1215-A). General Rad: 
Experimenter, Vol. 27, No. 8, January 
1953, pp. 1-4, illus. 8 references. 

Series or Parallel? Thoughts on the 
‘Clapp’? and Other Oscillator Circuits. 
Wireless World, Vol. 58, No. 8, August, 
1952, pp. 321-325, illus. 1 reference. 

Electrical Conductivity and Thermo- 
electrical Power of (BaSr)O and BaO. 
J. R. Young. Journal of Applied Physic 
Vol. 23, No. 10, October, 1952, pp. 1129 
1138, illus. 11 references. 

On the Electrical Properties of Porous 
Semiconductors. Eugene B. Hensley 
Journal of Applied Physics, Vol. 23, No 
10, October, 1952, pp. 1122-1129, illus 
10 references. 

The Properties of Semi-Conducting 
Ceramic Glaze. D. H. Lucas. British 
Journal of Applied Physics, Vol. 3, No. 9 
September, 1952, pp. 293-298, illus. 4 ref 
erences. 

Recent Developments in Transistors. 
Engineering Department, Aerovox Cor- 
poration. Aerovox Research Worker, Vol 
22, No. 10-11, October-November, 1952, 
pp. 1-5, illus. 

Titanium Dioxide Rectifiers. R. G 
Breckenridge and W. R. Hosler. U-.S., 
National Bureau of Standards, Journal of 
Research, Vol. 49, No. 2, August, 1952, pp 
65-72, illus. 22 references. (Also avail 
able as Research Paper No. 2344. Super 
intendent of Documents, Washington 
$0.10.) 


Communications 


Coding with Linear Systems. John P 
Costas. Institute of Radio Engineers, 
Proceedings, Vol. 40, No. 9, September, 
1952, pp. 1101-1103, illus. 3 references 

Fundamental Aspects of Linear Multi- 
plexing. L. A. Zadeh and K. S. Millet 
Institute of Radio Engineers, Proceedings, 
Vol. 40, No. 9, September, 1952, pp. 1091 
1097, illus. 10 references 

A Method for the Construction of 
Minimum-Redundancy Codes. David A 
Huffman. Institute of Radio Engineers 
Proceedings, Vol. 40, No. 9, September, 
1952, pp. 1098-1101. 3 references. 

Radio-Aid Accuracy; How it is Main- 
tained by the M.C.A. (Ministry of Civil 
Aviation. ) Flight, Vol. 62, No. 2280, 
October 3, 1952, pp. 447, 448, illus 

The Transmission of Intelligence in 
Typescript. I. S. Coggeshall. Western 
Union Technical Review, Vol. 7, No. 1, 
January, 1953, pp. 6-12, illus. 28 ref- 
erences 


Electronic Controls 


Automatic Controls Insure Emergency 
Power When Needed. Automotive Indus 
tries, Vol. 107, No. 12, December 15, 1952, 
pp. 45, 92, illus. Synchro-Start Model 
2100 10G. 

The Frequency Response Method: Its 
Relationship to Transient Behaviour in 
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series 5001 : internal type 
for bore diameters from: .250 — 1.456 in. 


series 5101 - external type 


for shaft diameters from: .188 — 1.438 in. 


bowed WALDES TRUARC RETAINING RINGS 


Take up end-play resiliently, damp vibrations and oscillations. 
Bent like a bow out of plane at horizontal center line. The 
bowed Truarc ring acts in axial direction like a floating spring 
without losing its tight grip against the bottom of the groove. 

Maximum resilient end-play take-up: .015” to .020” 
depending on size of ring. 


WALDES TRUARC is much more than a better way to hold parts together 


Thousands of manufacturers have already found that 
Truarc Retaining Rings cut production costs and speed 
assembly by simplifying product design. But that’s not all. 

Waldes Truarc engineers have extended the use of 
retaining rings by developing rings that perform addi- 
tional functions while acting as retaining shoulders. Those 


REG. U.S. PAT. OFF. 


RETAINING RINGS 


WALDES KOHINOOR, INC., LONG ISLAND CITY 1, NEW YORK 


WALDES TRUARC RETAINING RINGS AND PLIERS ARE PROTECTED BY ONE OR MORE OF THE FOLLOWING 
PATENTS; 2.382.947; 2.362.948; 2.416.652: 2.420.921; 2.426.341; 2.439.785: 2.441.646; 2.455.165: 


2.483.360; 2.463.383: 2.487.602; 2.487.603; 2.491.306; 2.509.081 AND OTHER PATENTS PENDING 
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series 5002 - internal type 


for bore diameters from: 1 — 10 in. 


series 5102 - external type 


for shaft diameters from: 1 — 10 in. 


beveled WALDES TRUARC RETAINING RINGS 


Take up end-play rigidly. When the ring is contracted (or 
expanded), the tapered edge acts like a wedge moving 
deeper into the groove and shifting in an axial direction 
until the ring abuts the machine part. 

Maximum end-play take-up, depending on ring size: 
internal types, .005” to .043”; external types, .005” to .040”. 


shown here take up end-play, compensate for wear and 
varying manufacturing tolerances. 

No matter what your problem, there’s a Waldes Tru- 
arc Ring designed specifically to solve it. Send us your 
drawings, your questions—Waldes Truarc engineers will 
work with you, at no obligation. 


| 


Waldes Kohinoor, Inc., 47-16 Austel Place, L. 1. C. 1, N. Y. 


Please send me the new Waldes Truarc Retaining Ring 


catalog. AE-045 
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Business Address 


i 
i 


r 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


CNG-play taKe-Up is a problem 
_ | one of these special Waldes Truarc rings cansolveit | 
} ZZ | 
. 
| 
| 
| / 
| \ 7 WALDES 5 | 
- 


118 


Control System Design. J. H. Westcott. ton. $0.20.) Application to servomecha 
Society of Instrument Technology (British), nisms and electronic controls 
Transactions, Vol. 4, No. 3, September, New Circuit Breaker for (120-Volt 
1952, pp. 118-122; Discussion, pp. 122- A.C. or D.C.) Aircraft Electric Systems. 
124, illus. 5 references. B. S. Beall, III, and P. J. Reifschneider 
The Investigation of Dynamo-Electric Electrical Engineering, Vol. 71, No. 9, 
Amplifiers. David Morris. Society of September, 1952, pp. 776-779, illus. 1 
Instrument Technology (British), Transac- reference. Type with ratings from 40 to 
tions, Vol. 4, No. 3, September, 1952, pp. 125 amp. developed by G-E 


97-103, illus. 
Methods of Conjugate Gradients for Electronic Tubes 


Solving Linear Systems. Magnus R Concerning the Reliability of Electron 
Hestenes and Eduard Stiefel. U.S., Na- Tubes. M.A. Acheson and E. M. Me 
tional Bureau of Standards, Journal of Elwee. Institute of Radio Engineers, Pro 
Research, Vol. 49, No. 6, December, 1952, ceedings, Vol. 40, No October, 1952, 
pp. 409-436, illus. 15 references. (Also pp. 1204-1206, illus. 1 reference 

available as Research Paper No. 2379. Electronic Switching. I-—Principles of 
Superintendent of Documents, Washing- the Use of Cold-cathode Gas Discharge 
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rely on Universal as a dependable 
West Coast source for precision Seam 
Welding, Heliarc Welding, Tools, Dies, 
Metal Stampings, complete and sub- 
assemblies: 


Aeronca ¢ Beach « Bell « Boeing * Canadair « 
Cessna Chance Vought Convair Douglas 
¢ Fletcher « Ford Motor * General Motors « 
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* Lockheed © North American « 
Northrop * Republic « 
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Tubes. E. A. R. Peddle. Wireless World 
Vol. 58, No. 10, October, 1952, pp. 421 
$23, illus. 3 references. 

Electronic Tubes. J. L. H. Jonker 
Philips Technical Review, Vol 14, No 
November, 1952, pp. 117-129, illus. 2s 
references. Survey of research and de 
velopment 

Further Notes on How to Choose a 
Valve; Grid-Volts/Mutual-Conductance 
Characteristic Applied to Detectors and 
Modulators. Thomas Roddam Wire 
less World, Vol. 58, No. 10, October, 1952 
pp. 409-411, illus 


General Considerations in Regard to 
Specifications for Reliable Tubes. C. R 
Knight and kK. C. Harding. Institute o 
Radio Engineers, Proceedings, Vol. 40, No 
10, October, 1952, pp. 1207-1210, illus. 
references 

Influence of Initial Velocities on Elec- 
tron Transit Time in Diodes. J]. 1 
Wallmark. Journal of Applied Physics, 
Vol. 23, No. 10, October, 1952, pp. 1096 
1099, illus. 6 references. 

Technique of Trustworthy Valves. E. 
G. Rowe Institute of Radio Engineers, 
Proceedings, Vol 10, No. 10, October, 
1952, pp. 1166-1177, illus. 

The Transient Behaviour of Thermionic 
Filaments with Temperature-Limited 
Emission. F. H. Hibbard. Journal of 
Scientific Instruments, Vol. 29, No. 9, 
September, 1952, pp. 280-283, illus 
references 

A Scaler Using Dekatron Scaling 
Tubes. . . . Ingvar Nilsson. (Chalme 
Tekniska Hogskolas Handlingar Nr. 125, 
1952 Iota Polytechnica (Stockholm), No 
111 (Electrical Engineering Series, Vol. 4, 
No. 8), 1952. 8 pp., illus. 5 references 
Sw. Kr. 2:00. 


Inverted Magnetron. Joseph E. Hull 
Institute of Radio Engineers, Proceedin: 
Vol. 49, No. 9, September, 1952, pp 
1038-1041, illus. 4 references. Experi 
mental types of new microwave devices 

Magnetrons. J. Verweel. Philip 
Technical Review, Vol. 14, No. 2, August, 
1952, pp. 44-58, illus. 13 references. De 
velopmental survey. 

A Statistical Approach to the Space- 
Charge Distribution in a Cut-Off Magne- 
tron. Gunnar Hok. Journal of Applied 
Physics, Vol. 283, No. 9, September, 1952 
pp. 983-989, illus. 9 references. 

The Electronic Properties of Barium 
Sulfide. Walter Grattidge and Harold 
John. Journal of Applied Physics, Vol. 23, 
No. 10, October, 1952, pp. 1145-1151, 
illus. 12 references. Thermionic emission 
studies 

Secondary Electron Emission from 
Barium Oxide. J. Woods and D. A 
Wright. British Journal of Applied 
Physic a Vol 3, No 10, October, 1952, pp 
323-326, illus. 5 references. 

Some Current Image Converter Prac- 
tice. R.F. Laurence and Kenneth Shaf 
ton Photographic Engineering, Vol. 3 
No. 4, 1952, pp. 189-206, illus. 20 ref 
erences. The Mullard ME 1200, 1201, 
1202, and other series. 


A Study of the Oxide-Coated Cathodes. 
I. Eiso Yamaka. Journal of Applied 
Physics, Vol. 23, No. 9, September, 1952, 
940, illus 5 references 
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Measurements & Testing 


The Determination of Complex Dielec- 
tric Constants of Absorptive Liquids by 
Microwave Interferometry. Franklin H 
Branin, Jr. Journal of Applied Physics, 
Vol. 23, No. 9, September, 1952, pp. 990 
997, illus. 23 references 

The Electric Polarizability of Apertures 
of Arbitrary Shape. Seymour B. Cohn 
Institute of Radio Engineers, Proceedings, 
Vol. 40, No. 9, September, 1952, pp. 1069 
1071, illus. 2 references. Data obtained 
by an electrolytic-tank method. 

Electrical Measurement of the Cathode 
Temperature of Diodes. D. A. Bell, J. C 
Cluley, and H. O. Berktay. British Jour- 
nal of Applied Physics, Vol. 3, No. 10, 
October, 1952, pp. 322, 323, illus. 7 
references 

Electronic Recorders. Emory Ferree 
Instruments, Vol. 25, No. 12, December, 
1952, pp. 1748-1746, illus. Design fea- 
tures; applications. 

Instrument Electronics. XII—Electrical 
and Electronic Test Equipment. Milton 
H. Aronson. Jnstruments, Vol. 25, No. 9, 
September, 1952, pp. 1262-1265, 1286 
1290, 1292, 1294, 1296, 1297, illus. 

Magnetic Sorting; Some Notes on the 
Application and Interpretation of the 
Bridge-Type Instrument. Aircraft Pro 
duction, Vol. 14, No. 169, November, 
1952, pp. 389-391, illus 

Measurements on New Transformer 
Insulation. W. L. Teague and J. H. 
McWhirter. Electrical Engineering, Vol 
71, No. 10, October, 1952, p. 872, illus. 

Method for Determining Magnetic 
Moments and for Measuring Suscepti- 
bilities and Permeabilities. S. J. Barnett. 
Journal of Applied Physics, Vol. 23, No. 9, 
September, 1952, pp. 975, 976, illus. 3 
references. Experimental method. 

Methods of Measuring the Properties of 
Ionized Gases at High Frequencies. III— 
Measurement of Discharge Admittance and 
Electron Density. David J. Rose and 
Sanborn C. Brown. Journal of Applied 
Physics, Vol. 23, No. 9, September, 1952, 
pp. 1028-1032, illus. 6 references. 

Principles and Applications of Con- 
verters for High-Frequency Measure- 
ments. D. A. Alsberg. Institute of Radio 
Engineers, Proceedings, Vol. 40, No. 10, 
October, 1952, pp. 1195-1203, illus. 9 
references 

Reliability of Probe Measurements in 
Hot Cathode Gas Diodes. Gottfried 
Wehner and Gustav Medicus. Journal of 
{pplied Physics, Vol. 23, No. 9, Septem 
ber, 1952, pp. 1035-1046, illus. 20 ref 
erences 

Accuracy of Bolometric Power Measure- 
ments. Herbert J. Carlin and Max 
Sucher. Institute of Radio Engineers, Pro- 
ceedings, Vol. 40, No. 9, September, 1952, 
pp. 1042-1048, illus. 8 references. 

A Simple Bolometer for Dissipation 
Measurements. V. J. Tyler. Marconi 
Review, Vol. 15, No. 106, 3rd Quarter, 
1952, pp. 114-117, illus. 

Simple (G-E) Calorimeter for Meas- 
urement of Arc Energy. M. W. Sims and 
A. M. Krakower. Automotive Industries, 
Vol. 107, No. 7, October 1, 1952, pp. 65, 
102, 104, illus. Jet-engine ignition appli- 
cation. 


AERONAUTICAL 


REVIEWS 


Noise & Interference 


Cosmic Radio Noise Intensities in the 
VHF Band. H. V. Cottony and J. R. 
Johler. Institute of Radio Engineers, 
Proceedings, Vol. 40, No. 9, September, 
1952, pp. 10538-1060, illus. 24 references. 

The Detection of a Sine Wave in the 
Presence of Noise by the Use of a Non- 
linear Filter. Thomas G. Slattery. Jnsti- 
tute of Radio Engineers, Proceedings, Vol. 
10, No. 10, October, 1952, pp. 1232-1236, 
illus. 14 references. 

A Note on the Approach of Narrow Band 
Noise after a Nonlinear Device to a 
Normal Probability Density. Journal of 
Applied Physics, Vol. 23, No. 10, October, 
1952, pp. 1148, 1144. 3 references. 

Optimum Filters for the Detection of 
Signals in Noise. L. A. Zadeh and J. R. 
Ragazzini. Institute of Radio Engineers, 
Proceedings, Vol. 40, No. 10, October, 
1952, pp. 1223-1231, illus. 14 references. 


Transmission Lines 


Broad-Band Matching with a Directional 
Coupler. W. C. Jakes, Jr. Institute of 
Radio Engineers, Proceedings, Vol. 40, 
No. 10, October, 1952, pp. 1216-1218. 
illus. 1 reference. 

A Compact Broad-Band Microwave 
Quarter-Wave Plate. Alan J. Simmons. 
Institute of Radio Engineers, Proceedings, 
Vol. 40, No. 9, September, 1952, pp. 1089 
1090, illus. 3 references. 

The Concept and Measurement of Im- 
pedance in Periodically Loaded Wave 
Guides. Edwin T. Jaynes. Journal of 
Applied Physics, Vol. 23, No. 10, October, 
1952, pp. 1077-1084, illus. 4 references. 

Interaction Between Surface-Wave 
Transmission Lines. Alan A. Meyerhoff. 
Institute of Radio Engineers, Proceedings, 
Vol. 40, No. 9, September, 1952, pp. 1061 
1065, illus. 3 references. 

Multi-Element Directional Couplers. 
S. E. Miller and W. W. Mumford. Jnsti- 
tute of Radio Engineers, Proceedings, Vol. 
40, No. 9, September, 1952, pp. 1071 
1078, illus. 3 references. Theoretical 
approach. 

Notes on Methods of Transmitting the 
Circular Electric Wave Around Bends. 
S. E. Miller. Institute of Radio Engineers, 
Proceedings, Vol. 40, No. 9, September, 
1952, pp. 1104-1113, illus. 7 references. 

Letters to the Editor: Some Variational 
Principles for Problems in Transmission 
Lines. Mikio Namiki and Hiroshi Taka- 
hashi. Journal of Applied Physics, Vol. 23, 
No. 9, September, 1952, pp. 1056, 1057. 

Synthesis of Narrow-Band Direct- 
Coupled Filters. Henry J. Riblet. Jnsti 
tute of Radio Engineers, Proceedings, Vol. 
40, No. 10, October, 1952, pp. 1219-12238, 
illus. 7 references. 


Wave Propagation 


Cross Polarization of Scattered Radio 
Waves. A. H. LaGrone. Institute of 
Radio Engineers, Proceedings, Vol. 40, No. 
9, September, 1952, pp. 1120-1123, illus. 
3 references. 

Diffraction of Electromagnetic Waves 
by a Half-Plane. B.N. Harden. (J/.E.E., 
Radio Section, Paper No. 1375.)  Insti- 
tution of Electrical Engineers, Proceedings, 
Part III, Radio and Communication En- 
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gineering, Vol. 99, No. 61, September, 
1952, pp. 229-235, illus. 19 references. 
Electrical Properties of Sea Water; 
Reflection and Attenuation Characteristics 
at V.H.F. J. A. Saxton and J. A. Lane 
Wireless Engineer, Vol. 29, No. 349, Octo- 
ber, 1952, pp. 269-275, illus. 12 refer- 


ences. Radio wave propagation study. 
Investigations of High-Frequency 
Echoes. H. A. Hess. Institute of Radio 


Engineers, Proceedings, Vol. 40, No. 9, 
September, 1952, pp. 1065-1068, illus. 8 
references. Sky-wave propagation ex- 
periment carried out in 1944 by the Insti- 
tute of Physics, Luftkriegsacademie, Ga- 
tow, in cooperation with the Deutsche 
Reichspost. 

A Method of Solving the Wave Equation 
in a Region of Rapidly Varying Complex 
Refractive Index. J. J. Gibbons and R. L. 
Schrag. Journal of Applied Physics, Vol 
23, No. 10, October, 1952, pp. 1139-1142, 
illus. 4 references. 

On a Multiple Scattering Theory of the 
Finite Grating and the Wood Anomalies. 
V. Twersky. Journal of Applied Physics, 
Vol. 23, No. 10, October, 1952, pp. 1099 
1118, illus. 23 references. (From ‘‘Multi- 
ple Scattering of Radiation, Part II,” 
Research Report EM-39, Mathematics Re- 
search Group, New York University, 
Washington Square College, 1951.) 

The Polarization of Acoustic Waves in 
Cubic Crystals. A. E. Fein and Charles 
S$. Smith. Journal of Applied Physics, Vol 
23, No. 11, November, 1952, pp. 1212, 
1213, illus. 3 references. 

Reflection of Microwaves from Metal- 
Plate Media. J.J. Brady, M. D. Pearson, 
and S. R. Peoples. Journal of Applied 
Physics, Vol. 23, No. 9, September, 1952, 
pp. 964-975, illus. 6 references. Experi- 
mental verification, for oblique angles of 
incidence, of the theories of Carlson, 
Heins, and Lengyel. 

Scattering of Electromagnetic Energy in 
a Randomly Inhomogeneous Atmosphere. 
Harold Staras. Journal of Applied 
Physics, Vol. 23, No. 10, October, 1952, 
pp. 1152-1156, illus. 5 references. Eval- 
uation using first-order perturbation the- 
ory. 

Tropospheric Propagation Research. 
U.S., National Bureau of Standards, Tech- 


nical News Bulletin, Vol. 36, No. 8, 
August, 1952, pp. 120-124, illus. N.B.S 
Central Radio Propagation Laboratory 
studies. 
Equipment 
Metallurgical Aspects of Aircraft 
Heaters. Aircraft Heating Digest, Vol. 3, 


No. 1, August, 1952, pp. 1-5, illus. 
bustion types. 

Pneumatic and Hydraulic Drives. I, 
II. John C. Hanna. Tool Engineer, Vol. 
29, Nos. 2,3, August, September, 1952, pp. 
55-57; 58-60, illus. 


Com- 


Hydraulic 


3rd Annual Directory and Buyers Guide 
of Manufacturers and Products. Applied 
Hydraulics, Vol. 6, No. 1, January, 1953. 
242 pp., illus. 

Control Valves for Direct-Hydraulic 
Presses. F. H. Towler. The Engineer, 
Vol. 195, No. 5061, January 23, 1953, pp. 
141-143. 


| 
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AERONAUTICAL 


IF YOU WORK WITH ELECTRICAL 
OR ELECTRONIC CIRCUITS... 


A color film with schematic animati 
and supporting narration... to help you 
select connectors engineered to your re- 
quirements and operating conditions. 
Disconnect system? Number of con- 
tacts? Voltage? Amperage? These and 
other factors are covered in this helpful 
film. In addition you’ll learn how the 
printed Cannon Plug Guide (below) 
leads you to the right connector for any 


ENGINEERING 


WAS MADE 
TO HELP YOU... 


on 


CANNON PLUG GUIDE 
An easy-to-follow graphic aid. 


CURRENT CAPACITY 


job. Request your free showing today. Wy UT 


Main office and plant, Cannon Electric Company, Los 
Angeles 31, California. Factories in Los Angeles, New 
Haven, Toronto. Representatives in principal cities. 


“Contact”, a 30-minute, 16mm 
Kodachrome sound picture, 
costs you nothing except 2-way 
transportation charges. You 
furnish sound projector. 24- 
page printed Plug Guide will 
be furnished for each person 
viewing film. To avoid delay re- 
quest your booking for the film 
On coupon today. 


SPACING AND NUMBER 


REVIEW- 


and its relation to contact spacing. 


of contacts involves many factors. 


CANNON ELECTRIC 


since 1915 


MODERN TALKING PICTURE SERVICE, INC. 
45 Rockefeller Plaza, New York 20, N.Y. 


NAME 


FIRM 


DATE TO BE SHOWN 


ALTERNATE DATES. 


ADDRESS. 


CITY. ZONE___STATE 


-APRIL, 19538 


Improve Circuit Performance With Hy- 
draulic Accumulators. H. L. 
Product Engineering, Vol. 23, 
October, 1952, pp. 192-196, illus 

Instruction and Research in Hydraulic 
Laboratories. Herbert Addison The 
Engineer, Vol. 194, No. 5054, December 5, 
1952, pp. 769-772, illus. 13 references. 
At the Fouad I University, Faculty of En 
gineering, Giza, Egypt. 

A New Hydraulic Motor. Flight, Vo 
63, No. 2293, January 2, 1953, p. 17, illus 
Details of British Messier, Ltd.'s slick 
valve type. (Also available in The Aer 
plane, Vol. 84, No. 2163, January 2, 1953, 
p. 25.) 

The Story of Skydrol. Douglas H 
Moreton and H. F. Shattuck. Esso Air 
World, Vol. 5, No. 1, July-August, 1952, 


Stewart 
No. 10 


pp. 8-11, illus. Monsanto’s ignition 
resistant hydraulic fluid. 
Test Equipment New Field. Juliu 


Kendall Aero Digest, Vol. 65, No. 3 
September, 1952, pp. 114-126, illus. Greer 
Hydraulics, Inc.’s models for aircraft sys 
tems and accessories. 


Pneumatic 


The Design of High Vacuum Valves. L 
Riddiford and H. Lilley. Journal « 
Scientific Instruments, Vol. 29, No. 9, Sep 
tember, 296, 297, 
references 


1952, pp. illus 

Vacuum Testing on Production Lines 
Lorance E. Sterns. Tool Engineer, Vol 
29, No. 6, December, 60-62 
illus 


1952, pp 


Flight Operating Problems 


Bailout at Very High Altitudes. Fritz 
Haber. Journal of Aviation Medicine, Vol 
23, No 4, August, 1952, pp 
illus 

Hazards to Flying in the Arctic with 
Some Solutions. Spencer Kellogg, II 
Sperryscope, Vol. 12, No. 10, Summer, 
1952, pp. 5-7, illus. Developments in in 
strumentation and techniques 

A Review of the Problem of External 
Aircraft Noise. Karl D. Swartzel. Aero- 
nautical Engineering Review, Vol. 12, No 
3, March, 1953, pp. 49-54, illus. §& ref 


erences. 


299_99 
322-329 


Ice Prevention & Removal 


Analytical Investigation of Icing Limit 
for Diamond-Shaped Airfoil in Transonic 
and Supersonic Flow. Edmund E. Cal 
laghan and John Serafini. 
N.A.C.A., Technical Note No. 2861, Janu 
ary, 1958. 18 pp., illus. 11 references 

Icing Protection for a Turbojet Trans- 
port Airplane: Heating Requirements, 
Methods of Protection, and Performance 


Penalties. Thomas F. Gelder, James P 
Lewis, and Stanley L. Koutz. U3. 
N.A.C.A., Technical 


Memorandum No 
2866, January, 1953. 57 pp., illus. 23 
references. 

An Investigation Utilizing an Electrical 
Analogue of Cyclic De-Icing of a Hollow 
Steel Propeller with an External Blade 
Shoe. Carr B. Neel, Jr. U.S., N.A.C.A 
Technical Note No. 2852, December, 1952. 
54 pp., illus. 12 references. 
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Refueling’in Flight 


Flight Refueling—The Position Today. 
Robert Saundby. The Aeroplane, Vol. 83, 
No. 2158, November 28, 1952, pp. 722, 
723, illus. 1 reference. 

Fox Peter Two; An Historic (U.S.A.F. 
Trans-Pacific) Flight-refuelling Operation. 
Flight, Vol. 638, No. 2294, January 9, 1953, 
p. 41, illus. 

Probing and Drogueing; British Equip- 
ment Standardized for American Aircraft 
and Used in Korea. Flight, Vol. 62, No 
9284, October 31, 1952, p. 567, illus. 


Flight Safety & Rescue 


The Bermuda Air Safety Seminar of 
1952. Jerome Lederer. Aeronautical 
Engineering Review, Vol. 12, No. 3, March, 
1953, pp. 25-28, illus. 

Crash-worthiness of Aircraft and Crash 
Injury Prevention. Edward J. Baldes and 
James J. Ryan. Journal of Aviation Medi- 
cine, Vol. 23, No. 5, October, 1952, pp 
133-438. 9 references. 

Elimination of Some Time Losses in 
Emergency Evacuation of Passengers from 
Airplanes. Barry King. Aeronautical En- 
gineering Review, Vol. 12, No. 3, March, 
1953, pp. 37-39, illus. 8 references. 

Flight Problems and Airport Protection. 
Jerome Lederer. National Fire Protection 
Association, Committee on Aviation and 
Airport Fire Protection, Bulletin No. 88, 
August, 1952. 7 pp., illus. 1 reference. 

Incident Reporting. Frank W. Ellis. 
Aeronautical Engineering Review, Vol. 12, 
No. 3, March, 1958, pp. 32-36, illus. 

Just How Good Is Airline Safety Train- 
ing? American Aviation, Vol. 16, No. 18, 
February 2, 1953, pp. 34, 36, 37, illus 
Survey of methods and experience. 

Rearward- and Forward-Facing Seats. 
Hugh De Haven. Aeronautical Engineer- 
ing Review, Vol. 12, No. 3, March, 1953, 
pp. 40, 41, illus. Design aspects and safety 

Survival Worldwide. Paul H. Nesbitt 
Aeronautical Engineering Review, Vol. 12, 
No. 3, March, 1952, p. 55. 


Fires 


The Story of Skydrol. Douglas H. 
Moreton and H. F. Shattuck. Esso Air 
World, Vol. 5, No. 1, July-August, 1952, 
pp. 8-11, illus. Monsanto’s ignition-re 
sistant hydraulic fluid. 

Tiny Inert Gas Generator Developed for 
Fuel Tank Safety. J. F. Hill. SAE 
Journal, Vol. 60, No. 9, September, 1952, 
pp. 42-44, illus. 

USAF Studies on Fire Extinguishing 


Agents for Rocket Fuels (Hydrogen, 
Ammonia, Methanol, Ethanol, Nitro- 
methane, Aniline), (U.S., Air Force, 
Technical Report No. 5872, September, 


1951.) National Fire Protection Associa- 
tion, Committee on Aviation and Airport 
Fire Protection, Bulletin No. 91, December 


1952. 12 pp., illus 


Fuels & Lubricants 


Aluminum as an Aircraft Fuel; An 
Appraisal of a Familiar Metal in a New 
Réle. Flight, Vol. 62, No. 2287, Novem- 
ber 21, 1952, p. 639. 


AERONAUTICAL 


Determination of Combustion Products. 
James H. Potter. Automotive Industries, 
Vol. 107, No. 8, October 15, 1952, pp. 50, 
51, 176, illus. 4 references. Method of 
preparing and using an Ostwald chart. 

Les Diagrammes W Log p du Méthane 
et de L’Ethyléne. W. H. Keesom, A. 
Bijl, and L. A. J. Monté. Applied Scien- 
tific Research, Section A, Mechanics, Heat, 
Chemical Engineering, Mathematical Meth- 
ods, Vol. 3, No. 4, 1952, pp. 261-271, illus., 
folded charts. 27 references. In French. 

Fuel Systems for Turbine-Engined Air- 
craft. J. E. Walker. Royal Aeronautical 
Society, Journal, Vol. 56, No. 501, Septem- 
ber, 1952, pp. 657-680; Discussion, pp. 
681-690, illus. 15 references. Fuel char- 
acteristics and design aspects; test 
methods. 

The Oxidation, Decomposition, Ignition, 
and Detonation of Fuel Vapors and Gases. 
XXI—Nuclear Ignition as Illustrated by 
the Characteristics of Compression and 
Spark Ignition; Pentane, Hexane, and 
Heptane as Engine Fuels. R. O. King, 
E. J. Durand, A. B. Allan, E. J. T. Hansen, 
and V. E. Bowen. Canadian Journal of 
Technology, Vol. 30, No. 9, September, 
1952, pp. 222-257, illus. 9 references. 


Spark Ignition of Flowing Gases. III 
Effect of Turbulence Promotor on Energy 
Required to Ignite a Propane-Air Mixture. 
Clyde C. Swett, Jr., and Richard H. Don- 
lon. U.S., N.A.C.A., Research Memoran- 
dum No. E52J28, January 14, 1953. 7 
pp., illus. 4 references. 


Lubricants & Lubrication 


Determination of Iron in Used Lubricat- 
ing Oils; Spectrochemical Analysis by the 
Buffered Direct Current Arc. J. E. Bar- 
ney, II, and W. A. Kimball. Analytical 
Chemistry, Vol. 24, No. 10, October, 1952, 
pp. 1548-1550, illus. 17 references. 


Gas-Turbine Lubrication; A New Syn- 
thetic Oil Developed in this Country. 
Flight, Vol. 62, No. 2290, December 12, 
1952, p. 721. Esso Petroleum Co.’s Turbo 
Oil 35. 

Investigation of Spontaneous Ignition 
Temperatures of Organic Compounds 
with Particular Emphasis on Lubricants. 
Charles E. Frank, Angus U. Blackham, 
and Donald E. Swarts. U.S., N.A.C.A., 
Technical Note No. 2848, December, 1952. 
40 pp., illus. 18 references. 


Modern Machine-Tool Lubrication 
Practice. W. D. Whalen. Mechanical 
Engineering, Vol. 74, No. 10, October, 
1952, pp. 803-809, illus. 


The Serviceability of Transformer Oil. 
Frank M. Clark. (Paper Conference Inter- 
national Des Grands Reseaux Electriques, 
Paris, France, June 1952.) American 
Society for Testing Materials, Bulletin, No. 
187, January, 1953, pp.55,56. Sreferences. 


A Study of the Oil-Film Formation in 
Gears by Electrical Resistance Measure- 
ments. T. B. Lane and J. R. Hughes. 
British Journal of Applied Physics, Vol. 8, 
No. 10, October, 1952, pp. 315-318, illus. 
8 references. 

A Test for Aircraft Gear Lubricants. 
E. A. Ryder. American Society for Test- 
ing Materials, Bulletin, No. 184, Septem- 
ber, 1952, pp. 41~—48, illus. 


REVIEWS 


121 


Propellants 


Compressibility Measurements of Some 
Rocket Engine Propellants. Arthur A. 
Kovitz and Kurt R. Stehling. Bell Air- 
craft Corporation, Report No. 56-982-013, 
September 15, 1952. 22 pp., illus. 5 
references. 

Sensitive Method for Determination of 
Vapor Composition. Kenneth M. Sancier. 
Analytical Chemistry, Vol. 24, No. 10, 
October, 1952, pp. 1563-1566, illus. 2 
references. 

I—Tabulated Thermal Data for Hydro- 
carbon Oxidation Products at High Tem- 
peratures. II—The Effect of Dissociation 
on Rocket Performance Calculations. 
A. B. P. Beeton. Gt. Brit., Aeronautical 
Research Council, Reports and Memoranda 
No. 2542, 1952 (October, 1946.) 14 pp., 
illus. 18 references. British Information 
Services, New York. $1.00. 


Gliders 


Determination of the Drag Polar of the 
Cessna 120 Airplane in Gliding Flight. 
August Raspet. Aeronautical Society of 
India, Journal, Vol. 4, No. 4, November, 
1952, pp. 115-119, illus. Analysis of aero- 
dynamic performance. 

The Sailplane in Research, Training, 
and Sport Flying. August Raspet. Paper, 
National Association of State Aviation 
Officials, Annual Meeting, St. Petersburg, 
Florida, November 20, 1952, 8 pp. 


Instruments 


Instrumentation for Flight Research. 
H. W. Wilson. Canada, National Aero- 
nautical Establishment, Aeronautical Lab- 
oratories, Quarterly Bulletin, Report No. 
NAE 1952 (3), July 1-September 30, 
1952, pp. 1-6, illus. 3 references. 

Unbonded Wire Resistance 
Gauge Accelerometers. J. R. Bristow 
and F. G. Ellames. Journal of Scientific 
Instruments, Vol. 29, No. 9, September, 
1952, pp. 288, 289, illus. 2 references. 

A New Turn-and-Slip Indicator; Mag- 
netic Damping to Provide High-altitude 
Accuracy. Flight, Vol. 62, No. 2288, No- 
vember 28, 1952, p. 672, illus. Kelvin and 
Hughes, Ltd.’s models. 

Improved Flow Control With Long 
(Pneumatic Transmission) Lines. W. E. 
Vannah and A. R. Catheron. IJnstru- 
ments, Vol. 25, No. 12, December, 1952, 
pp. 1733-1737, illus. 7 references. 

X-Ray Instrumentation for Density 
Measurements in a Supersonic Flow Field. 
John Dimeff, Ralph K. Hallett, Jr., and 
C. Frederick Hansen. U.S., N.A.C.A., 
Technical Note No. 2845, December, 1952. 
39 pp., illus. 7 references. 

Shunted Thermocouple Vacuum Gauge. 
N. A. Florescu. Journal of Scientific In- 
struments, Vol. 29, No. 9, September, 1952, 
p. 298, illus. 3 references. 

Multiple-Shielded High-Temperature 
Probes; Comparison of Experimental and 
Calculated Errors. E. Marston Moffatt 
SAE Quarterly Transactions, Vol. 6, No. 4, 
October, 1952, pp. 567-580, illus. 10 
references. 


Strain 


bombat teste 
up ALLEY” 


“MIG Alley” has no near competitor for the title 
“World’s Toughest Testing Ground!” Here, under the 
stresses and variables of a type of war without prec- 
edent in military history, men and equipment have 
been pushed far beyond the limits originally pre- 
scribed for them. Amphenol’s cables and connectors, 
in fully meeting the most stringent of military re- 
quirements, have helped to make the electronic and 
communications equipment of our Armed Forces 
the most dependable in the world. 


AMERICAN PHENOLIC CORPORATION 
Q_ Chicago 50, Illinois 2) 
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Recording Equipment 


Die-Contour Checking. Aircraft / 
duction, Vol. 14, No. 170, December, 1952, 
pp. 432-434, illus. The Blade-Contour 
Scriber, recording and projection equ 
ment, made by Optical Gaging Produc 
Inc 

A Digital Automatic Multiple Pressure 
(Measuring) Recorder. Bert A. Coss 
D. R. Daykin, Leonard Jaffe, and Elmer 
M. Sharp U.S., N.A.C.A., Techni 
Note No. 2880, January, 1953. 24 pp., 
illus 

Electronic Recorders. Emory Ferr 
Instruments, Vol. 25, No. 12, December 
1952, pp. 1748-1746, illus. 
tures; applications. 

Miniature French Flight Recorders. 
G. H. Hillier The Aeroplane, Vol. &: 
No. 2156, November 14, 1952, pp. 667, 
668, illus. Construction and operation of 
types made by the Société de Fabricatio 
d’Instruments de Mesure by Mess 
Beaudouin 


Design fe 


Servomechanisms 


The Dynamics of the Automatically 
Controlled Airplane. G. M. Andrew 
U.S Alp Force, Flight Test Center, 
Edwards <A.F.B., Calif., Report N 
AFFTC 52-24, August 1, 1952 
illus. 5 references 


54 pp 
Principles of servo 
mechanisms 

A Field Mapping Method for Analysis 
and Synthesis of Linear Closed-Loop 
Systems. Mike W. Fossier and Harold 
A. Rosen. Journal of the Aeronautic 
Sciences, Vol. 20, No. 3, March, 1953, pp 
205-209, illus. 11 references 

Letters to the Editor: Servomechanism 
Design. A. M. Fuchs. Electrical Eng 
neering, Vol. 71, No. 10, October, 1952, pp 
960, 961 4 references. 

Two-Phase A-C Servo Motor Opera- 
tion. M. A. Steinhacker and W. E 
Meserve. Electrical Engineering, Vol. 71 
No. 10, October, 1952, p. 924, illus 


Stress & Strain Measurement 


(Baldwin-Sonntag) Testing Machine 
Setups Duplicate Operating Conditions. 
Automotive Industries, Vol. 107, No. 7 
October 1, 1952, pp. 50-52, illus. Fatigue 
equipment for materials and machin¢ 
parts 

NBS Limit-Load Gage; For Determin- 
ing Damage to Operational Aircraft. 
U.S., National Bureau of Standard 
Technical News Bulletin, Vol. 36, No. 9, 
September, 1952, pp. 131-138, illus 

Letters to the Editor: On the Oscillat- 
ing Cylinder Viscometer. I. Ali A. K 
Ibrahim and A. M. Kabiel. Journal of 
Applied Physics, Vol. 28, No. 10, October, 
1952, p. 1190, illus. 2 references 

The Physical Characteristics of Wire 
Resistance Strain Gauges. E. Jones and 
K. R. Maslen. Gt. Brit., Aeronautica 
Research Council, Reports and Memoranda 
Vo. 2661, 1952 (November, 1948). 44 pp., 
illus. 19 references. British Information 
Services, New York. $2.60 


Laws & Regulations 


The Development of Rules to Govern 
International Aviation Communications. 
D. Goedhuis. Transport and Communica 
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tions Review, Vol. 5, No. 3, July-Septem- 
ber, 1952, pp. 1-11. 45 references. 


Machine Elements 


American Standard Tolerances for Ball 
and Roller Bearings. VII. (Zool Engi- 
neering Data, No. 66.) Tool Engineer, 
Vol. 29, No. 2, August, 1952, p. 65 
Tables of dimensions, 

(Miniature) Bearings for Gyroscope 
Rotors. The Engineer, Vol. 194, No. 5051, 
November 14, 1952, p. 651, illus. 

Oscillatory Occurrences in Ball Bear- 
ings; Premature Fatigue and its Elimina- 
tion. M.S. Frenkel. Royal Aeronautical 
Society, Journal, Vol. 56, No. 504, Decem- 
ber, 1952, pp. 885-908, illus. 1 reference. 

Broaching of Internal Gears. II. 
Joseph A. Psenka. Tool Engineer, Vol 
29, No. 2, August, 1952, pp. 46-48, 60, 
illus. 


Maintenance 


Maintenance of Flying Boats. E 
Tringham. Society of Licensed Aircraft 
Engineers, Journal (Incorporating The 
Technical Instructor), Vol. 1, No. 11, 
November, 1952, pp. 3-8, illus. 

Problems of Servicing and Reliability. 
G. M. Buxton. Royal Aeronautical So 
ciety, Journal, Vol. 56, No. 504, December, 
1952, pp. 869-876, illus. 

Some Notes on Aircraft Overhaul and 
Maintenance. Clifford H. Jackson. Royal 
Aeronautical Society, Journal, Vol. 56, No 
500, August, 1952, pp. 619-638, illus 
British methods and trends. 

Tiltman Langley Maintenance Docks for 
Aircraft. R.S. Carter. Society of Licensed 
Aircraft Engineers, Journal (Incorporating 
The Technical Instructor), Vol. 1, No. 9, 
September, 1952, pp. 3-10, illus. 

2.000-Mile Repair Job. Flight, Vol. 63, 
No. 2294, January 9, 1958, p. 45, illus 
Methods and equipment used by Field 
Aircraft Services, Ltd. 


Materials 


Bonding of Thin Films. H. P. Meissner 
and J. Byrne. Journal of Applied 
Physics, Vol. 23, No. 10, October, 1952 
pp. 1170-1173, illus. 9 references.  Ex- 
periments with various materials. 

New Materials: Inventions Born of 
Necessity. Joseph Gurski. SAE Jou 
nal, Vol. 60, No. 10, October, 1952, pp 
138-45. (Report on Round Table on New 
Engineering Materials presented at S.A.E 
Summer Meeting, Atlantic City, N. J., 
June 38, 1952.) Irons and steels, rubbers, 
finishing materials, synthetics, and substi- 
tutes 

New Materials Forms Required for 
High Speed Planes of the Future. Thomas 
E. Piper. Automotive Industries, Vol. 107, 
No. 6, September 15, 1952, pp. 42-45, 114, 
116, illus. Use of glass and other high 
temperature-resistant materials. 

A Primer on Radioisotopes. G. D 
Calkins and R. L. Belcher. Products Engi 
neering, Vol. 23, No. 10, October, 1952, pp 
177-184, illus. 4 references. Survey of 
research and potential use of radioactive 
materials; table of applications. 


AERONAUTICAL 


Use of Honeycomb Panel Construction 
in Military Lightweight Trainers. B. Del 
Mar and H. Stumpf. American Society of 
Mechanical Engineers, Aviation Division 
Spring Meeting, Seattle, March 24-26, 
1952, Paper No. 52-S-7. 16 _pp., illus. 


Corrosion & Protective Coatings 


Ceramics Shrug Off Turbine’s Tempest. 
John V. Long. SAE Journal, Vol. 40, No. 
9, September, 1952, pp. 39-41, illus. 
Solaramic coating and process. 


More About Ceramic Coatings. Product 
Engineering, Vol. 23, No. 10, October, 
1952, pp. 184-141, illus. 6 references. 
Properties of National Bureau of Stand- 
ards and proprietary types. 


Coating Metals with Aluminum by the 
Mollerizing Process. Bruce E. Haight. 
Automotive Industries, Vol. 107, No. 10, 
November 15, 1952, pp. 39, 96, illus. 


Corrosion Factors in Design and Lubri- 
cation. Product Engineering, Vol. 23, No. 
10, October, 1952, pp. 142-147, illus. 


The General Motors Research Corro- 
sion Test: A Cyclic Humidity Accelerated 
Corrosion Test for Sheet Steel. A. J. 
Opinsky, R. F. Thomson, and A. L. 
Boegehold. American Society for Testing 
Materials, Bulletin, No. 187, January, 
1953, pp. 47-51; Discussion, pp. 51-53, 
illus. 3 references. 


Incipient Corrosion of Steel; Study of 
its Initiation and Progress. F. Har- 
greaves. Metal Treatment, Vol. 19, No. 
84, September, 1952, pp. 385-390, illus. 6 
references. 

Letters to the Editor: Metallic Corro- 
sion Influenced by Ultrasonic Waves. 
Shigeto Yamaguchi. Journal of Applied 
Physics, Vol. 23, No. 9, September, 1952, 
pp. 1057, 1058, illus. 4 references 


A Severe Test for Rust-Ban. Esso Air 
World, Vol. 5, No. 1, July-August, 1952, 
pp. 12, 18, illus. Swedish Air Force’s Ant- 
arctic experience with cerrosion preven- 
tive. 


Metals & Alloys 


The Compression and Bearing Capacity 
of Cohesive Layers. G. G. Meyerhof and 
T. K. Chaplin. British Journal of Ap- 
plied Physics, Vol. 4, No. 1, January, 1953, 
pp. 20-26, illus. 12 references 

The Conductivity of Some Molten Sili- 
cates on Fayalite Basis. G. Bjérling 
(Kungliga Tekniska Hogskolans Hanloin- 
gar Nr. 59, 1952.) Acta Polytechnica 
(Stockholm), No. 109 (Chemistry Including 
Metallurgy Series, Vol. 3, No. 2), 1952. 31 
pp., illus. 26 references. Sw. Kr. 4:00 

Development of Porosity during Diffu- 
sion in Substitutional Solid Solutions. 
R. W. Balluffiand B. H. Alexander. Jour- 
nal of Applied Physics, Vol. 23, No. 11, 
November, 1952, pp. 1237-1244, illus. 10 
references. Metallographic study of dif- 
fusion zones in copper-a-brass, copper- 
nickel, and gold-silver diffusion couples. 


A Dictionary of Metallurgy. VII-XI. 
A. D. Merriman and J. S. Bowden. Metal 
Treatment, Vol. 19, Nos. 82-85, 87, July— 
October, December, 1952, pp. 319-526; 
355-362; 391-398; 445-451; 519-526, 
illus. 
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The Effect of Shot Peening on Damage 
Caused by Cavitation. Nicholas Gross- 
man. American Society for Testing Ma- 
terials, Bulletin, No. 183, July, 1952, pp. 
61-66, illus. 8 references. 

Fatigue in Metals. Flight, Vol. 62, No. 
2280, October 3, 1952, p. 455, illus. (Based 
on a lecture by P. L. Teed before Society of 
Licensed Aircraft Engineers, September 
27, 1952.) 

High Strength Light Alloys; A Note on 
Certain Problems Arising from the Adop- 
tion of New Alloys. P.G. Giles and P. F. 
Kiddle. Aircraft Engineering, Vol. 24, 
No. 283, September, 1952, pp. 265, 273, 
illus. 

An Investigation of the Fatigue of 
Metals. ..; A Report of the Investigation 

H. F. Moore and T. M. Jasper. 
Illinois, University, Engineering Expert- 
ment Station, Bulletin No. 136, May, 1923. 
97 pp., illus. 7 references. 

Letters to the Editor: The Kirkendall 
Effect in Alloy Systems. Herbert N. 
Hersh. Journal of Applied Physics, Vol. 
23, No. 9, September, 1952, pp. 1055, 1056, 
illus. 3 references. 

Mechanism of Work-Hardening of 
Metals. N.F. Mott. The Engineer, Vol. 
194, No. 5052, November 21, 1952, pp. 
694-697, illus. 

Metal Transfer and Wear. I.-Ming. 
Feng. Journal of Applied Physics, Vol. 
23, No. 9, September, 1952, pp. 1011-— 
1019, illus. 11 references. Development 
of a new theory; experimental support. 

Metallurgical Aspects of Aircraft 
Heaters. Aircraft Heating Digest, Vol. 3, 
No. 1, August, 1952, pp. 1-5, illus. 

Metallurgical Research in America; 
Highlights of the American National Metal 
Congress (Philadelphia, October, 1952). 
A.G. Metcalfe. Metal Treatment, Vol. 19, 
No. 87, December, 1952, pp. 540-544. 4 
references. 

Scabbing of Metals under Explosive 
Attack: Multiple Scabbing. John S. 
Rinehart. Journal of Applied Physics, 
Vol. 23, No. 11, November, 1952, pp. 
1229-1233, illus. 4 references. 

Letters to the Editor: The Separation 
of Stacking Fault Broadening in Cold- 
Worked Metals. 8B. E. Warren and B. L. 
Averbach. Journal of Applied Physics, 
Vol. 23, No. 9, September, 1952, p. 1059, 
illus. 2 references. 

A Survey of High-Temperature Ma- 
terials. II. J. M. Robertson. Metal 
Treatment, Vol. 19, No. 82, July, 1952, pp. 
303-312, illus. 

Technical Highlights at (34th National) 
Metal Show (Philadelphia, October, 1952). 
H. H. Roberts. Automotive Industries, 
Vol. 107, No. 10, November 15, 1952, pp. 
16, 47, 128, 132, 134, 138, 141, 142, 144, 
146, illus. Contents: The Endurance 
Limit of Temper-Brittle Steel, R. D. Chap- 
man and W. E. Jominy. Correlation of 
Machinability with Inclusion Characteris- 
tics in Resulpherized Bessemer Steels, 
Lawrence H. Van Vlack. Accelerated 
Strain Aging of Commercial Sheet Steels, 
L. R. Shoenberger and E. J. Poliwoda. 


Metals & Alloys, Ferrous 


Chemistry, Section Size, and Heat- 
Treatment Govern Properties of Ductile 
Iron. D. J. Reese, F. B. Rote, and G. A. 
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KOEHLER AIRCRAFT PR 


INSTALLATION 


3s | DIMENSIONS 


\ 281 D HOLE 


0 
7 \ ELECTRICAL CONNECTOR 
~ 3102-14 


Koehler has long been a pioneer in the manufacture of valves for mili- 
tary and civilian aircraft, and many industrial uses. Now, its engi- 
neering staff has perfected the first, small, light-weight, motor-driven 
Shut-Off Valve, designed primarily for aircraft and guided missiles, 
for use in fuel, hydraulic and pneumatic systems. There are many 
other possible industrial applications. 

These new Koehler Shut-Off Valves can be used with aromatic and 
non-aromatic fuels, hydrocarbon and synthetic lubricants, hydraulic 
fluids and gases at pressures to 500 PSI, with a temperature range of 
—65°F to +500°F (ambient temperature range —65 F to +225 °F). 
Teflon seals in the new valve require no curing date decals. 

Normal duty cycle of valve is—1 sec. ON—19 sec. OFF. A manual 
override opens and closes valve without electrical current. 

Inquiries are invited; just send data or, if possible, blueprints of your 
application and our engineering staff will make recommendations 
after studying your problem. ~ 


KOEHLER 


AIRCRAFT PRODUCTS CO. 


814 Vermont Avenue, Dept. A, Dayton 4, Ohio 
REPRESENTATIVES: 
C & H Supply Co. 

Boeing Field 
Seattle 8, Washington 


Western Aircraft Supply Co. 
8845 West Olympic Bivd. 
Beverly Hills, Calif. 


Prenko Progress & Eng. Corp., Ltd. 
72-74 Stafford St. 
Toronto, Ontario 


REVIEW 


APRIL, 1953 


Conger. (SAE Quarterly Transactions, 
July, 1952.) SAE Journal, Vol. 60, No 
10, October, 1952, pp. 48-54. 

Colour Etching of Iron and Steel; 
Various Etchants to Reveal Physical and 
Chemical Heterogeneities. L. Beaujard 
Metal Treatment, Vol. 19, No. 86, Novem 
ber, 1952, pp. 499-403, illus. 9 references 

High Chromium Stainless As A Substi- 
tute for 18-8. II-—-Welding, Brazing, 
Polishing. Lester F. Spencer. Steel Prov 
essing, Vol. 38, No. 7, July, 1952, pp. 340 
343, 350, illus. 11 references. 

High Frequency Heating and Tempera- 
ture Distribution in Surface Hardening of 
Steel. Ludwig Arthur Dreyfus. (/x 
geniorsvetenskapsakademiens, Handlinga 
Nr. 208, 1952.) Acta Polytechica (Stock 
holm), No. 101 (Electrical Engineering 
Series, Vol. 4, No. 5), 1952. 115 pp., illus 
l reference. Sw. Kr. 18:00. 

High-Tensile Steels; Application of 
New Higher-Strength Material in Air- 
craft Construction. C. H. Stevenson 
Aircraft Production, Vol. 14, No. 170 
December, 1952, p. 411. Douglas ex 
perience with Hy-Tuf, developed by 
Crucible Steel Co. of America 

Influence of Chemical Composition on 
Rupture Properties at 1200°F of Forged 
Chromium-Cobalt-Nickel-Iron Base Alloys 
in Solution-Treated and Aged Condition. 

E. Reynolds, J. W. Freeman, and A. E 
White. (U.S., N.A.C.A., Technical Note 
No. 2449, 1951.) U.S., N.A.C.A., Report 
No. 1058,1951. 60 pp., illus. 5 references 
Superintendent of Documents, Washing 
ton. $0.45 

The Initiation and Propagation of 
Fatigue Cracks in Mild Steel Pieces of 
Square Section. H. L. Cox and J. E 
Field.  Acronautical Quarterly, Vol. 4, 
Part I, August, 1952, pp. 1-18, illus. 7 
references 

Principles Involved in the Formation of 
Iron Alloys. I, Il. Kk. W. Andrews. 
Metal Treatment, Vol. 19, Nos. 85, 8&6, 
October, November, 1952, pp. 524-432 
489-498, illus. 44 references. 


Some Suggested Causes of Porosity and 
Hot-Cracking in the Metal-Arc Welding 


of Plain Carbon Steels. Arne Apold 
(Sveiseteknikk, December, 1950.) Welding 
Research (British), Vol. 6, No. 3 (R. 82), 


June, 1952, pp. 58-69, illus. 29 references 

Strain Ageing in Iron and Steel. J. D 
Fast. Philips Technical Review, Vol. 14, 
No. 2, August, 1952, pp. 60-67, illus. 10 
references. Theoretical and experimental 
analysis. 


Metals & Alloys, Nonferrous 


Cemented Chrome Carbides. \/echuni 
cal Engineering, Vol. 74, No. 10, October 
1952, pp. 820, $21, illus. G-E Carboloy 
Department’ Si abrasion-resistant grade 608; 
applications. 

A Correlation of Polarized Light Ex- 
tinctions With Crystal Orientation in 70 
Nickel-30 Copper Alloy. H. C. Vacher 
U.S., National Bureau of Standards, Jour- 
nal of Research, Vol. 49, No. 3, September, 
1952, pp. 149-1538, illus. 10 references 
(Also available as Research Paper No 
2351. Superintendent of 
Washington. $0.10.) 
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Influence of Prior Strain History on the 
Tensile Properties and Structures of High- 
Purity Copper. William D. Jenkins and 
Thomas G. Digges. U.S., National Bureau 
of Standards, Journal of Research, Vol. 49, 
No. 3, September, 1952, pp. 167-186, illus. 
8 references. (Also available as Research 
Paper No. 2354. Superintendent of Docu- 
ments, Washington. $0.15.) 

Bearing Strengths of Some 75S-T6 and 
14S-T6 Aluminum-Alloy Hand Forgings. 
E. M. Finley. U.S., N.A.C.A., Technical 
Note No. 2883, January, 1953. 24 pp., illus. 
2 references 

How to Buy Aluminum Castings. Floyd 
A. Lewis. Aeronautical Engineering Re- 
view, Vol. 12, No. 1, January, 1953, pp 
3440, 55, illus. Tables of properties. 

The Influence of Manganese in Solid 
Solution on the Recrystallization Tempera- 
ture and Grain Size of Pure Aluminum 
Sheet. G. Marchand. Canadian Journal 
of Technology, Vol. 31, No. 1, January, 
1953, pp. 15-28, illus. 16 references. 

Gravimetric Determination of Thorium 
and Rare Earth Elements in Magnesium 
Alloys. G. B. Wengert, R. C. Walker, 
M. F. Loucks, and V. A. Stenger. A nalyti- 
cal Chemistry, Vol. 24, No. 10, October, 
1952, pp. 1636-1638. 6 references. 

Magnesium-Rich Side of the Magne- 
sium-Zirconium Constitution Diagram. 
J. H. Schaum and H. C. Burnett. U-.S., 
National Bureau of Standards, Journal of 
Research, Vol. 49, No. 3, September, 1952, 
pp. 155-162, illus. 5 references. (Also 
available as Research Paper No. 2352. 
Superintendent of Documents, Washing- 
ton. $0.10.) 

Stress and Plastic Strain Relations of a 
Magnesium Alloy. <A. E. Johnson and 
N. E. Frost. The Engineer, Vol. 194, No 
5053, November 28, 1952, pp. 713-719, 
illus. 

Determination of Titanium in Titanium 
Metal. J. M. Thompson. Analytical 
Chemistry, Vol. 24, No. 10, October, 1953, 
pp. 1632-1634, illus. 5 references. 

A Realistic Look at Titanium. R. W 
Parcel. SAE Journal, Vol. 60, No. 12, 
December, 1952, pp. 29-32, illus. 

The Metallurgy of Zirconium; Its 
Extraction, Fabrication, and Properties. 
I, II. A. D. Merriman. A/etal Treatment, 
Vol. 19, Nos. 83, 84, August, September, 
1952, pp. 365-371; 413-417, illus. 24 
references 


Nonmetallic Materials 


AN-5 Casting Resin; A New NBS Cast- 
ing Resin for Embedding Electronic As- 
semblies. U.S., National Bureau of 
Standards, Technical News Bulletin, Vol 
36, No. 9, September, 1952, pp. 129-131, 
illus. 2 references. (Also available as 
Summary Technical Report No. 1691, 
August, 1952.) 

Some Mechanical and Adhesive Proper- 
ties of Indium. A.C. Moore and D. Tabor 
British Journal of Applied Physics, Vol. 3, 
No. 9, September, 1952, pp. 299-301, illus. 
10 references. 

Plastic Foam Replaces Ribs in Airplane 
Control Surfaces. Automotive Industries, 
Vol. 107, No. 11, December 1, 1952, p. 92, 
illus. Northrop Aircraft’s use of Styro- 
foam. 


AERONAUTICAL 


Letters to the Editor: Effect of Orienta- 
tion on the Ultimate Strength of Linear 
High Polymers. C.C. Hsiao. Journal of 
Applied Physics, Vol. 23, No. 10, October, 
1952, pp. 1189, 1190, illus. 4 references. 

Extruded Plastic Parts. R.S. Perkins. 
Product Engineering, Vol. 23, No. 10, 
October, 1952, pp. 150-153, illus. 

The Future of Plastics in Engineering. 
J. E. Gordon. The Engineer, Vol. 194, No. 
5053, November 28, 1952, pp. 733, 734. 

Improvement of Acrylic Aircraft Glazing 
by Stretch-Forming. U.S., National Bu- 
reau of Standards, Technical News Bulletin, 
Vol. 36, No. 8, August, 1952, pp. 117-119, 
illus. 

On the Present and Potential Efficiency 
of Structural Plastics. J. E. Gordon. 
Royal Aeronautical Society, Journal, Vol. 
56, No. 501, September, 1952, pp. 704-728, 
illus. 16 references. 

Plastics: Their Mechanical Behavior 
and Testing. W. N. Findley. Applied 
Mechanics Review, Vol. 6, No. 2, February, 
1953, pp. 49-53. 119 references. 

The Status of Plastics in Industry To- 
day. William Schack. Product Engi- 
neering, Vol. 23, No. 10, October, 1952, pp. 
128-133, illus. 

Stress Relation in Plastics and Insulat- 
ing Materials. E. E. Wright. American 
Society for Testing Materials, Bulletin, No. 
184, September, 1952, pp. 47-49, illus. 1 
reference. 

Tensile Impact Properties of Some 
Plastics. Bryce Maxwell, J. P. Harring- 
ton, and Robert E. Monica. Society of 
Plastics Engineers, Journal, Vol. 8, No. 10, 
December, 1952, pp. 22-25, illus. 6 
references. 

The Effect of Frequency on the Behavior 
of Rubber under Cyclical Deformation. 
D. M. Davies. British Journal of Applied 
Physics, Vol. 3, No. 9, September, 1952, 
pp. 285-288, illus. 11 references. 

Preparing Crude Rubber Test Speci- 
mens for Oxygen-Absorption Measure- 
ments. William J. Gowans. Analytical 
Chemistry, Vol. 24, No. 10, October, 1952 
pp. 1648, 1649, illus. 8 references. 

Second-Order Transition Points in High 
Polymers. K. L. Floyd. British Journal 
of Applied Physics, Vol. 3, No. 12, Decem- 
ber, 1952, pp. 373-375, illus. 6 references. 


Testing 


Fatigue Machines for Low Tempera- 
tures and for Miniature Specimens. W. N. 
Findley, P. G. Jones, W. I. Mitchell, and 
R. L. Sutherland. American Society for 
Testing Materials, Bulletin, No. 184, Sep- 
tember, 1952, pp. 53-55, illus. 7 ref- 
erences. 

Grésseneinfluss und Randeinfluss auf 
die Festigkeit der Werkstoffe. (Influence 
of Volume and Boundary on the Strength 
of Material.) G.Meyersberg. (Kungliga 
Tekniska Hogskolans Handlingar Nr. 58, 
1952.) Acta Polytechnica (Stockholm), No. 
108 (Physics and Applied Mathematics 
Series, Vol. 2, No. 2), 1952. 123 pp., illus. 
71 references. Sw.Kr. 12:00. In German. 
Analysis; results of experiments in which 
cast iron specimens of circular and rectan- 
gular section were subjected to bending, 
torsion, and shear according to Ludwik and 
Krystof. 


REVIEWS 


bo 


An Inquiry Into the Reproducibility of 
Impact Test Results. H.L. Fry. Ameri- 
can Society for Testing Materials, Bulletin, 
No. 187, January, 1953, pp. 61-64; Dis- 
cussion, pp. 64-66, illus. 2 references. 
Four-year study at Bethlehem Steel Co. 

Inspection and Measurement by Ultra- 
sonics. R.H. Frank. Instruments, Vol. 
25, No. 12, December, 1952, pp. 1720, 
1721, 1752-1754, illus. For forgings, 
castings, and other metallic objects. 

On the Metallic Shadow-Casting Using 
a Nozzle System. Tadatosi Hibi. Jour- 
nal of Applied Physics, Vol. 23, No. 
9, September, 1952, pp. 957-963, illus. 10 
references. 

Quantitative Metallography with the 
Electron Microscope. Alfred L. Ellis and 
F. K. Iverson. American Society for 
Testing Materials, Bulletin, No. 183, July, 
1952, pp. 66-69, illus. 4 references. 

A Review of Standard Tests on Metallic 
Materials. I. N.C. Nash. Society of 
Licensed Aircraft Engineers, Journal (In- 
corporating The Technical Instructor), Vol. 
1, No. 11, November, 1952, pp. 9-13, illus 

Round Work Correction for Rockwell 
Hardness. Louis Small and Keith Symon 
Tool Engineer, Vol. 29, No. 2, August. 
1952, pp. 41-45, illus. 4 references. 

A Simple Goniometric Method for Ex- 
amining Preferred Orientation in Etched 
Metal Polycrystals. Pamela Dunsmuir. 
British Journal of Applied Physics, Vol. 4, 
No. 1, January, 1953, pp. 27-29, illus. 1 
reference. 

Surface-Crack Detection; Details of the 
Met-L-Chek Liquid Crack-Detection Proc- 
ess. Aircraft Production, Vol. 14, No. 170, 
December, 1952, p. 481, illus. Developed 
by Northrop Aircraft, Inc. 


Meteorology 


Airflow over Mountains. A. H. Yates. 
Flight, Vol. 63, No. 2293, January 2, 1953, 
pp. 2, 3, illus. 6 references. Analysis in 
terms of standing-wave wave theory and 
experiment; application to the Saint Kevin 
crash. 

A Mobile Method for Measuring At- 
mospheric Diffusion. J. D. Sartor, I. 
Katz, and R. E. Katz. American Meteor- 
ological Society, Bulletin, Vol. 33, No. 5, 
May, 1952, pp. 188-194, illus. 11 refer- 
ences. Radar propagation aspects. 

Three-Dimensional Disturbances in a 
Baroclinic Zonal Current. Hsiao-Lan 
Kuo. Journal of Meteorology, Vol. 9, No. 
4, August, 1952, pp. 260-278, illus. 19 
references. 

Final Approach Visibility Studies at 
Airports in the United States. B. C. 
Haynes. Aeronautical Engineering Re- 
view, Vol. 12, No. 3, March, 1953, pp. 44 
48, illus. 7 references. 

A Numerical Prediction Experiment. 
Louis Berkofsky. American Meteorological 
Society, Bulletin, Vol. 33, No. 7, July, 1952, 
pp. 271-273, table. 2 references. De 
velopmental, testing, and evaluation proj- 
ect at the Atmospheric Analysis Labora- 
tory, Air Force Cambridge Research Cen 
ter. 

Objective Forecasting Studies. Joseph 
J. George. American Meteorological So- 
ciety, Bulletin, Vol.33, No.5, May, 1952, pp 
199-201. Eastern Air Lines’ experience. 
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On the Foundation of Squall Lines. 
John D. Macdonald. American Meteoro- 
logical Society, Bulletin, Vol. 33, No. 6, 
June, 1952, pp. 237-239, illus. Sreferences 

On Thunderstorm Forecasting in the 
Central United States. Lynn L. Means. 
U.S., Weather Bureau, Monthly Weather 
Review, Vol. 80, No. 10, October, 1952, pp 
165-189, illus. 21 references. Survey of 
1945-1952 experience and study; review of 
literature; aircraft accident aspects. 

On Track of the Weather; The Work 
of an R.A.F. Meteorological Flight: A 
Typical Atlantic Sortie Described. B. J 
Mitchell. Flight, Vol. 62, No. 2281, Octo- 
ber 10, 1952, pp. 472, 473, illus. 


Military Aviation 


Canada’s Air Defences. Aircraft 
(Canada), Vol. 14, No. 10, October, 1952, 
pp. 35-82, 104, 106, 109, 110, 112, 113, 
illus. 1 reference. Partial contents: The 
Air Force. The RCAF Overseas. RCAF 
Training. Air Transport Command. Air 
Materiel Command. The Reserve. 

Combat+Ready Aircraft. B.A. Schrie- 
ver. Aeronautical Engineering Review, 
Vol. 12, No. 2, February, 1953, pp. 34-38, 
illus. (Paper presented at the I.AS., 
Washington Section Meeting, Washington, 
D.C., October 7, 1952.) U.S.A.F. plan 
ning and development. 

Developing a Diverging Deck (on an 
Aircraft Carrier). The Aeroplane, Vol. 83, 
No. 2158, November 28, 1952, pp. 713, 
714, illus. Operation; advantages. 

Jet Strategic Bombardment-—-1952. Air 
University Quarterly Review, Vol. 5, No 
2, Spring, 1952, pp. 17-88, illus. Survey of 
jet bomber developments and crew re- 
quirements. 

Military Aircraft Procurement Issue. 
Aero Digest, Vol. 65, No. 4, October, 1952 
pp. 18-58, 62-162, illus., cutaway draw- 
ing. Contents: U.S. Military Aircraft 
Procurement Program. The Engineer 
Does the Buying. The U.S. Air Force 
Combat Airplane. Air Force Procure- 
ment Officers. The Naval Combat Air- 
plane. Equipment: Heart of the Air- 
plane. Bureau of Aeronautics Representa- 
tives. The Builders and Suppliers. 

Nerve Centres of Air Politics. /nteravia, 
Vol. 7, No. 12, December, 1952, pp. 664 
683, illus. Partial Contents: Year-End 
Review. ... Lessons of the War in Indo 
china, L. M. Chassin. The Air Power 
Aspect of Middle East Defence, A. Aviner. 

Problems in Air Defense. Peter ] 
Schenk. Air University Quarterly Review, 
Vol. 5, No. 2, Spring, 1952, pp. 39-53, 
illus. 1 reference. 

The RCAF Today. W. A. Curtis 
Sperryscope, Vol. 12, No. 10, Summer, 
1952, pp. 2-4, illus. Evaluation of 
strength in terms of planes, equipment, and 
personnel. 

(U.S.) Polar Air Base; The Thule En- 
terprise, and What its Construction has In- 
volved. Frank Illingworth. Flight, Vol 
62, No. 2281, October 10, 1952, pp. 466, 
167, illus 


Missiles 


Cathode Ray Recorders for Missile 
Application. C. H. Schlesman. Photo 
graphic Engineering, Vol. 3, No. 2, 1952, 
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pp. 78-88, illus Comparison between 
telemetering, magnetic tape, and photo 
graphic recording 

The First Guided Missile—was a 
British Invention: Some Facts that De- 
serve to be Placed on Record. A. M. Low 
Flight, Vol. 62, No. 2280, October 3, 1952, 
pp. 436-438, illus 

On the Pure Rolling Motion of Winged 
and/or Finned Missiles in Varying Super- 
sonic Flight. John D. Nicolaides and Ray 
E. Bolz. Journal of the Aeronautical 
Sciences, Vol. 20, No. 3, March, pp. 160 
168, illus. 8 references 

Optical Attitude Recorder For The 
Aerobee Rocket. Gerhard Schweisinger 
Photographic Engineering, Vol. 2, No. 4, 
1952, pp. 169-177, illus. 2 references. 

Reliability in Guided-Missile Systems. 
Richard R. Carhart leronautical Engi 
neering Review, Vol. 12, No. 2, February, 
1953, pp. 22-26, illus. 9 references. (Paper 
presented at the I.A.S., Los Angeles Sec 
tion Meeting, Los Angeles, November 6, 
1952.) Analysis of problem; review of 
German \V-2 history; control factors. 

Through the Curtain to Woomera. E 
Colston Shepherd. The Aeroplane, Vol 
83, No. 2155, November 7, 1952, pp. 6380 
633, illus. Features and operation of 
Australian rocket-testing range. 


Navigation 


Elastic Navigator. Flight, Vol. 62 No 
2286, November 14, 1952, p. 614, illus. V. 
Tyler’s invention that requires no air 
borne calculation 

Examining the Runway Visual Range 
System. The Aeroplane, Vol. 84, No. 
2163, January 2, 1953, pp. 21, 22, illus. 

African Air Survey; Big Colonial- 
development Mapping Programme Com- 
pleted. Flight, Vol. 62, No. 2286, Novem 
ber 14, 1952, pp. 606, 607, illus 

Map Projections for Polar Latitudes. 
Warren L. Godson. Canadian Journal of 
Technology, Vol. 31, No. 1, January, 1953, 
pp. 29-33, illus. 3 references. Aero 
nautical and meteorological requirements 


Photography 


Cathode Ray Recorders for Missile 
Application. C. H. Schlesman. Photo 
graphic Engineering, Vol. 3, No. 2, 1952, 
pp. 78-88, illus 

The Development of a Multi-Flash 
Camera and Its Application to the Study 
of Liquid Jets. M.A. Marhous. British 
Journal of Applied Physics, Vol. 3, No. 10, 
October, 1952, pp. 329-331, illus. } 
references. 

Equipment and Methods for High 
Speed Photographic Processing. Clifton 
M. Tuttle, Fordyce M. Brown, and Neil 
R. Tuttle. Photographic Engineering, Vol 
3, No. 2, 1952, pp. 65-77, illus. 10 ref 
erences. Radar and other applications. 

Further Developments in Automatic Ex- 
posure Control For Aerial Photography. 
George Bruck, John Ward, and Vernon 
Aske. Photographic Engineering, Vol. 3, 
No. 4, 1952, pp. 182-188, illus. 1 ref 
erence 

An Improved Technique for High-Speed 
Photography. I). A. Senior and C. O. J 
Grove-Palmer. British Journal of Applied 
Physics, Vol. 3, No. 10, October, 1952, pp 
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318-321, illus. 3 references. Piezoelectric 
combination to record explosive pressures 
Optical Attitude Recorder For The 
Aerobee Rocket. Gerhard Schweisinger 
Photographic Engineering, Vol. 3, No. 4, 
1952, pp. 169-177, illus. 2 references 

A Semi-Automatic Data Reduction De- 
vice. Frank D. Mason. Photographic 
Engineering, Vol. 3, No. 4, 1952, pp. 210 
213, illus. The Johns Hopkins Applied 
Physics Laboratory’s ‘‘SADSAC.” 

The Sensitivity and Range Required in 
Toepler Schlieren Apparatus for Pho- 
tography of High-Speed Air Flow. W. A 
Mair. Note on Mr. Mair’s Paper. D. W 
Holder and R. J. North. Aeronautical 
Quarterly, Vol. 4, Part I, August, 1952, pp 
19-53, illus. 10 references. 

Some Current Image Converter Prac- 
tice. R. F. Laurence and Kenneth Shaf 
ton. Photographic Engineering, Vol. 3, 
No. 4, 1952, pp. 189-206, illus. 20 ref 
erences. The Mullard tube series; tech 
niques, 

Survey on Data Reduction. James M 
Kendall. Photographic Engineering, Vol 
3, No. 4, 1952, pp. 214-221, illus. Naval 
Ordnance Laboratory Supersonic Wind 
Tunnel and other experience. 

Time Pulse Numbering System For 16- 
mm Magazine Cameras. Robert C 
Byers. Photographic Engineering, Vol. 3, 
No. 4, 1952, pp. 207-209, illus. Applica 
tion to phototracking of air-borne missiles 


Power Plants 


Aero Engine Industry. Canadian Avia 
tion, Vol. 25, No. 12, December, 1952, pp 
19, 50, 52, 53, 55, 61, 62, 64, 66, 90-93, 
illus. Contents: Pratt & Whitney Plant 
Builds Radial Engines. Bristol Canada 
Expands to Pace Engine Demands 
[Rolls Royce] Approach Production of 
Nenes in Canada. New CGE Plant 
Equipped for Overhaul of Jets. 

Charts Aid (Engineering) Design of 
Piston-Ring Expanders. Douglas W 
Hamm and Kenneth J. Nisper. SAE 
Journal, Vol. 60, No. 12, December, 1952, 
pp. 64-69, illus 


Atomic 


Atomic Energy Reactor Built at Air- 
craft Plant. Automotive Industries, Vol 
107, No. 7, October 1, 1952, p. 58, illus 
Research model at North American Avia 
tion, Inc 


Jet & Turbine 


Ancillary Power for Large Aircraft. 
C. G. L. Woodford. The Aeroplane, Vol 
83, No. 2152, October 17, 1952, pp. 548 
545, illus 

Engineers Explore Jet Engine Eco- 
nomics. American Aviation, Vol. 16, No 
18, February 2, 1953, pp. 17, 19, 21, illus 
S.A.E. symposium study of design, main 
tenance, and cost factors. 

Analytical and Experimental Studies 
With Idealized Gas Turbine Combustors. 
Fillmer W. Ruegg and Howard J. Klug 
U.S., National Bureau of Standards, Jour 
nal of Research, Vol. 49, No. 5, November, 
1952, pp. 279-298, illus. 8 references 
(Also available as Research Paper No 
2365 Superintendent of Documents, 
Washington. $0.15.) 
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Wherever planes fly high you can count on 
cables for reliable control 


Hyco-Span 


@ Control cables on high-flying mod- 
ern airplanes must operate smoothly 
and accurately no matter how cold it 
gets. Hyco-Span cables do, because 
they have an exceptionally high co- 
efficient of thermal expansion. This 
coefficient is 50% higher than that 


COMPARATIVE THERMAL EXPANSION CHARACTERISTICS OF 
AIRCRAFT CABLE ALLOYS RELATIVE TO 24S ALUMINUM AIRFRAME 
245-7 ALUMINUM ALLOY = 214 xX 16° FROM —60°C 
TO +20°C (LOW RANGE BASE = 100%) 23.2 x 10° "/*/2¢ 
z FROM +20° TO 100°F (HIGH RANGE BASE = 100% 
80 
z 
\ 
\\ 
\\ 
vz 
of 
< ~ \ 
Oo 6 
v \ 
\ 
Vx 
Zz 2 
= [=] 
xO, 
aS 
40 
TEMP, RANGE — LOW “HIGH LOW HIGH LOW HIGH 
CABLE ALLOY - HIGH REG. CORROSION HYCO.SPAN 
CARBON RESISTING CORROSION 
STEEL STEEL RESISTING 
(TYPE 304 STEEL 
STAINLESS 


NOTE; LOW RANGE BASED ON TESTS TO +25° 
HIGH RANGE BASED ON TESTS +25° TO +90° € 


HYCO. SPAN Aircraft Cables 


of high carbon steel . . . 30% higher 
than that of stainless steel! Hyco- 
Span cables come closer to matching 
the expansion and contraction of alu- 
minum alloy air frames than any other 
type of cable. This eliminates the 
need for temperature compensating 
devices on most planes. 

Hyco-Span cables are non-mag- 
netic too. This means they won’t 


throw electrical instruments out of 
calibration as some types of cable do. 

Hyco-Span cables give extremely 
long service in any climate because 
they are corrosion resistant and be- 
cause they can be operated at re- 
duced tension loads. 

We will be glad to send you com- 
plete information about Hyco-Span 
cables. Just send the coupon. 


AMERICAN STEEL & WIRE DIVISION, UNITED STATES STEEL CORPORATION 
GENERAL OFFICES: CLEVELAND, OHIO 
COLUMBIA-GENEVA STEEL DIVISION, SAN FRANCISCO, PACIFIC COAST DISTRIBUTORS 
TENNESSEE COAL & IRON DIVISION, FAIRFIELD, ALA., SOUTHERN DISTRIBUTORS 
UNITED STATES STEEL EXPORT COMPANY, NEW YORK 


| 
| 
| 
| 
| 
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American Steel & Wire ; 
Room 842, Rockefeller Bldg., Cleveland 13, Ohio~ 

Please send me the Summary Engineering Report 
which gives complete details on Hyco*Span Aircraft 
Control Cables. 
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FOREMOST FOR FLIGHT. 


CONCAVE X 
Aircraft Bearings 


Up in the skyways where the real test of 
bearing performance is made, the superior 
quality, design and performance of Shafer 
Aircraft Control Bearings have earned 
universal preference. 


With Shafer dependability you get assur- 
ance of maximum bearing life, low cost 
maintenance, all-round bearing economy 
... and safety. For Shafer Aircraft Bearings 
are a development of continuous research- 
engineering that has paced aviation’s stiff- 
est bearing specifications throughout the 
past third century. Write for descriptive 
literature covering our complete line of both 
aircraft and industrial bearings. 


SHAFER 


SELF-ALIGNING 


ROLLER BEARINGS 


AIRCRAFT INDUSTRIAL 


APRIL, 1943 


Efficient Filtration Spares Engine Wear. 
J. Parkinson. Canadian Aviation, Vol. 25 
No. 9, September, 1952, pp. 76, 78, 80, 82, 
84, 87, illus. For gas-turbine types. 

Jet Engine Combustion. M.S. Kahring 
Airports & Air Transportation, Vol. 6, No 
97, November-December, 1952, pp. 100 
102, illus. Research developments 

Research Expert Reviews Jet Engine 
Combustion. M. S. Kahring. Canadia» 
Aviation, Vol. 25, No. 9, September, 1952, 
pp. 98, 100, 102, 104, 105, illus. 

A New Turbo-compressor. The Acr 
plane, Vol. 83, No. 2156, November 14 
1952, p. 666, illus. Design and operation 
of Turboméca’s Palouste—a combination 
of the Palas and the Artouste. 

Theoretical Performance of an Axial- 
Flow Compressor in a Gas-Turbine En- 
gine Operating with Inlet Water Injection. 
Reece V. Hensley. U.S., N.A.C.A., Tech 
nical Note No. 2673, March, 1952. 25 pp 
illus. 4 references 

Axials, Centrifugals and the By-Pass 
Engine. Jhe Aeroplane, Vol. 83, No. 2154 
October 31, 1952, pp. 608-610, illus. Com 
parative data. 

By-Pass Engine Promises Fuel Econ- 
omy. Aviation Week, Vol. 57, No. 21 
November 24, 1952, pp. 23, 24, 26, illus 
Development of dilution jet; application 
in transports. 

Comparative Data on Turbo-Compound ; 
Performance and Construction Features of 
Power Plant for DC-7 and 1049C off Re- 
stricted List. Fred S. Hunter. American 
Aviation, Vol. 16, No. 15, December 22 
1952, pp. 34, 35, illus. Wright Aero 
nautical’s Model 972TCIS8DAI1, the R 
3350-384W , the commercial version, and the 
CISCB. 

A French Axial-flow Gas Turbine. 7/: 
Aeroplane, Vol. 83, No. 2158, November 
28, 1952, pp. 718-721, illus., cutaway 
drawing. The S.N.E.C.M.A. Atar 101 

Some General Considerations in the 
Design of Axial-Flow Gas Turbines. 
Sumner Alpert. SAE Quarterly Tran 
actions, Vol. 6, No. 4, October, 1952, pp 
606-616, illus. 3 references. (Also avail 
able in brief in SAE Journal, Vol. 60, No 
10, October, 1952, p. 70.) 

The Pumping Characteristics of Long 
Mixing Section Jet Pumps. N. L. Fox 
Douglas Aircraft Company, Inc., Report 
No. SM-14385, September 5, 1952 1) 
pp., illus. 8 references. 

Britain’s New Military and Civilian 
Planes. W. F. Bradley. Automotive In 
dustries, Vol. 107, No. 8, October 15, 1952, 
pp. 34-37, 85, 86, 88, 90, illus. Technical 
developments in aircraft and gas-turbine 
engines at Farnborough. 

Olympus, Avon, Sapphire Lead in 
British Array of Power. William Green 
Canadian Aviation, Vol. 25, No. 11, 
November, 1952, pp. 58, 61, 638, 65, 66 
illus. Evaluation of leading engines 

C-W Naturalizes Sapphire Jet Engine. 
Irving Stone. Aviation Week, Vol. 57, No 
25, December 22, 1952, pp. 21, 22, illus 
Curtiss-Wright Corp.’s redesign of Arm 
strongs Siddeley’s turbojet. 

Blackburn’s Turboméca Licence. 
Aeropiane, Vol. 88, No. 2153, October 24 
1952, p. 268, illus. Construction; perform- 
ance; production status. 
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Jet Boost for Transpérts; Small Turbo- 
jets as Take-off Aids: Arguments for the 
Turboméca Palas. Flight, Vol. 62, No. 
2288, November 28, 1952, pp. 673-675, 
illus. 

Source of All Power. Flight, Vol. 62, 
No. 2286, November 14, 1952, p. 617, illus. 
Avro Canada, Ltd.’s Orenda turbojet. 

Dowty’s Spill-flow (Fuel) System for 
Turbines. The Acroplane, Vol. 83, No. 
2159, December 5, 1952, pp. 747-752, 
illus., cutaway drawing. 

The Fuel System in Jet Engines. J. W. 
Tomlinson. Canadian Aviation, Vol. 25, 
No. 10, October, 1952, pp. 36, 38, 68, illus. 

Fuel Systems for Turbine-Engined 
Aircraft. J. E. Walker. Royal Aeronautt- 
cal Society, Journal, Vol. 56, No. 501, 
September, 1952, pp. 657-680; Discus- 
sion, pp. 681-690, illus. 15 references. 
Fuel characteristics and design aspects; 
test methods. 

Afterburners and Variable Nozzles. 
The Aeroplane, Vol. 83, No. 2156, Novem- 
ber 14, 1952, pp. 665, 666, illus. Solar 
Aircraft Co.’s design development and 
problems. 

Afterburning; A Review of Current 
American Practice. Flight, Vol. 62, No 
2287, November 21, 1952, pp. 648, 649, 
illus. 

Engineers Meet Afterburner Challenge. 
Aviation Week, Vol. 57, No. 18, November 
3, 1952, pp. 21, 22, 24, 27, 28, 31, 32, 34, 
illus. Solar Aircraft Corp.’s techniques 
for high-temperature and combustion 
problems 

Compressor-Blade Inspection; High- 
Speed, Multidimensional Equipment In- 
corporating Air-Gauges of Adjustable 
Sensitivity. Aircraft Production, Vol. 14, 
No. 169, November, 1952, pp. 381-387, 
illus. Developed by Sigma Instrument 
Co., Ltd. 

Precision Jet Engine Blades—from 
Rough Forgings. Joseph Geschelin. Aw- 
tomotive Industries, Vol. 107, No. 8, Octo- 
ber 15, 1952, pp. 44-46, 78, 80, 82, illus. 
Process developed by Ex-Cell-O Corp. 


Ram-Jet & Pulse-Jet 


Mach 2-4: Ramjet Stamping Ground. 
Walter A. Kilrain. American Aviation, 
Vol. 16, No. 18, February 2, 1953, pp. 24, 
25, illus. Views of Malcolm Harned on the 
application of ram-jet power to missiles, 
bombers, and transports 

Stovepipe Laboratory. Flight, Vol. 62, 
No. 2281, October 10, 1952, p. 477, illus 
Pratt & Whitney ram-jet test house. 


Reciprocating 


Combustion-Chamber Deposition and 
Power Loss. H. J. Gibson, C. A. Hall, and 
A. E. Huffman. SAE Quarterly Transac 
tions, Vol. 6, No. 4, October, 1952, pp. 
594-605, illus. 9 references. 

Combustion-Chamber Deposits. and 
Power Loss. A. E. Cleveland and O 
Enoch. SAE Journal, Vol. 60, No. 12, 
December, 1952, pp. 56-63, illus. 2 
references. 

Flame Photographs of Autoignition In- 
duced by Combustion-Chamber Deposits. 
L. L. Withrow and F. W. Bowditch. SAE 
Quarterly Transactions, Vol. 6, No. 4, 
October, 1952, pp. 724-752, illus. 18 
references. 
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The Volumetric Efficiency of Four- 
Stroke Engines. J. C. Livingood, A. R. 
Rogowski, and C. F. Taylor. SAE 
Quarterly Transactions, Vol. 6, No. 4, 
October, 1952, pp. 617-632; Discussion, 
pp. 632-636, illus. 30 references. 

The Gypsy Queen 70 Mk. 2. de Havil- 
land Gazette, No. 70, August, 1952, pp. 
116-118, illus. 

Plug Problems Analyzed by (Champion 
Spark Plug and Ignition) Conference. 
George L. Christian. Aviation Week, Vol. 
57, No. 19, November 10, 1952, pp. 64, 
67, 68, 71, 72, 75, 77, 78, 80, 83. Reliability 
of various designs of ignition systems and 
components. 

Superchargers and their Comparative 
Performance. W.T.vonder Nuell. SAE 
Quarterly Transactions, Vol. 6, No. 4, 
October, 1952, pp. 753-782, illus. 25 
references. 


Rocket 


Forming and Welding of Titanium. 
Francis H. Stevenson. Welding Journal, 
Vol. 31, No. 11, November, 1952, pp. 
1035-1041, illus. Techniques for rocket 
components. 

High Temperature Thermodynamic 
Processes; Their Generalized Treatment, 
with Particular Application to Rocket 
Motors. F. E. Osborne. Aircraft Engi- 
neering, Vol. 24, No. 284, October, 1952, 
pp. 294-297, illus. 12 references. 

The Thrust Available from Electronic 
Accelerators. George F. Forbes. Journal 
of Space Flight, Vol. 4, No. 10, December, 
1952, pp. 1-6. 4 references. 


Production 


Accelerated Activity Ahead for the Air- 
craft Industry. DeWitt C. Ramsey. 
Automotive Industries, Vol. 108, No. 1, 
January 1, 1953, pp. 60, 61 116, 118, 120, 
122, illus. Industry-wide survey; research 
and development. 

Farnborough Exhibits; Notes on Tools, 
Materials and Equipment in this Year’s 
Static Show. Aircraft Production, Vol 
14, No. 168, October, 1952, pp. 332-339, 
illus. 

Five Problems Complicating Production 
of Supersonic Aircraft. B. W. Clemens. 
SAE Journal, Vol. 60, No. 9, September, 
1952, pp. 55-57, illus. (Report of Panel 
Meeting held by S.A.E. Southern Cali- 
fornia Section, Los Angeles, April 29, 
1952. ) 

France Exemplifies the Force of Euro- 
pean Industrial Co-operation; How the 
Sud-Est Company Quickly Surmounted 
Technical Problems to Build Fighters to 
de Havilland Drawings. de Havilland 
Gazette, No. 70, August, 1952, pp. 102-107, 
illus. 

New Industry Created As Orenda Jet 
Plant Achieves Production. Canadian 
Aviation, Vol. 25, No. 10, October, 1952, 
pp. 22-25, 68, 70, illus. 

Radomes; Types of Construction; 
Problems of Material Control and Manu- 
facture. J. A. Sporcic and R.L. Whann. 
Aircraft Production, Vol. 14, No. 170, 
December, 1952, pp. 424-480, illus. 

(Ryan) Assembly Line Fabrication for 
(Pratt & Whitney R-4360-59) Aircraft 
Exhaust Systems. Automotive Industries, 
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Vol. 107, No. 7, October 1, 1952, pp. 54, 55, 
98, 100, illus. 

Special 30th Anniversary Issue. Ryan 
Reporter, Fall, 1952. 57 pp., illus.  Sur- 
vey of Ryan Aeronautical Co.’s growth, 
covering developments in manufacture of 
air frames and components and of military 
and civil aircraft. 

Special Report on Air Conditioning and 
Refrigeration in Automotive and Aviation 
Plants. Thomas Mac New. Automotive 
Industries, Vol. 107, No. 11, December 1, 
1952, pp. 52-61, 122, 124, 126, 130, 132, 
illus. Survey of applications in manu- 
facturing processes. 

Stainless Steel Aircraft Nacelles Present 
Many Production Problems. J. A. Logan. 
Automotive Industries, Vol. 107, No. 11, 
December 1, 1952, pp. 49, 108, illus. Solar 
Aircraft Co.’s methods of fabricating the 
barrels of the Wright R-3350 Turbo- 
Cyclone piston engines for the Lockheed 
P2V-5 Neptune. 

Steel is the Heart. Norman Macmillan. 
Aircraft (Australia), Vol. 30, No. 12, 
September, 1952, pp. 16-19 48, illus. Sur- 
vey of the aircraft steel industry, Sheffield, 
U.K: 

Tube Manipulation. I—General Ma- 
nipulation Operations: Reducing, Lapping, 
Flanging, Doming, Beading. II—Bending 
and Butting. Aircraft Production, Vol. 14, 
Nos. 168, 170, October, December, 1952, 
pp. 326-331; 398 403, illus. 


Metalworking 


Cup-drawing from a Flat Blank: I— 
Experimental Investigation. II-—-Analyti- 
cal Investigation. S. Y. Chung and H. W. 
Swift. Institution of Mechanical Engi- 
neers, Proceedings, Vol. 165 (War Emer- 
gency Proceedings No. 68), Applied Me- 
chanics, 1951, pp. 199-228; Discussion, 
pp. 224-226; Communications, pp. 227, 
228, illus. 38 references. 

Drilling Machine Classification. Robert 
~. Kimmel. Tool Engineer, Vol. 29, No. 

, November, 1952, pp. 69-76, illus. 3 

references. 

Nomogram for Determining Taper Per 
Foot and Angle of Taper. Leonard M. 
Majeske. Tool Engineer, Vol. 29, No. 4, 
October, 1952, p. 44, illus. 

Precision Hole Locating Methods. Fred- 
erick C. Victory. Tool Engineer, Vol. 29, 
Nos. 3, 4+, September, October, 1952, pp. 
53-55; 48-50, 52, illus 

Some Hints On Fabricating Titanium. 
Thomas A. Dickinson. Steel Processing, 
Vol. 38, No. 7, July, 1952, pp. 333, 334, 
339, illus. 

Aspects of the Continuous Casting of 
Nonferrous Metals. I-— Experimental 
Casting Unit for Small Ingots. II-—Ex- 
perimental Casting Techniques Employed 
for Various Metals. III—Factors Con- 
trolling Permissible Speed of Casting. 
B. H. C. Waters. Metal Treatment, Vol. 
19, Nos. 84-87, September-December, 
1952, pp. 379-384; 433-438, 474-478, 
$82; 527-530, 532, illus. 21 references. 

How to Buy Aluminum Casting. Floyd 
A. Lewis. Aeronautical Engineering Re- 
, Vol. 12, No. 1, January, 1953, pp. 
34440, 55, illus. Tables of properties 

Shell Molding; Saves Through Greater 
Mechanization and Less Machining. /rod- 
uct Engineering, Vol. 23, No. 10, October, 
1952, pp. 121-127, illus. 
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threat 


Changing temperatures, vibrations, and accelerations 
affect the operation of all instruments. In spite of these 
variables, our products produce the right answers 
because they are properly designed. 


AIRCRAFT INSTRUMENTS AND CONTROLS 
OPTICAL PARTS AND DEVICES 
MINIATURE AC MOTORS 

RADIO COMMUNICATIONS AND 
NAVIGATION EQUIPMENT 


Current production is largely destined for our defense 
forces; but our research facilities, our skills and tal- 
ents, are available to scientists seeking solutions to 
instrumentation and control problems. 


kollsma Nn INSTROMENT CORP. 


ELMHURST, NEW YORK + GLENDALE, CALIFORNIA + SUBSIDIARY OF Standard COIL PROBUCTS CO., INC. 
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Forged Skin-Panels. III Progressive 
Forging of Panels; Suck-In Effect; 
Investigation and Analysis of Test-Panels. 
IV Third Phase Tests; Electronically- 
Heated Die; Die Finishng and Lubrica- 
tion; Final Results. Aircraft Product 
Vol. 14, Nos. 169, 170, November, Dece1 
ber, 1952, pp. 373-376; 412-415, illu 

Pressures Required for Thin Press 
Forgings. William Schroeder. A meric 
Society of Mechanical Engineers, Aviat 
Division, Spring Meeting, Seattle, Mi 
24-26, 1952, Paper No. 52-S-4. 20 py 
illus. 2 references 

Scale on Steel; With Particular Ref- 
erence to Drop Forgings. LD. H. Lee-Bir 
Vetal Treatment, Vol. 19, No. 87, Dece 
ber, 1952, pp. 583-536, 539, illus 
references 

Wyman-Gordon Co. Leader In Aircraft 
Forgings. I-North Grafton Heavy Press 
Plant. II Worcester Plant. John 
McComb. Steel Processing, Vol. 38, No 
9, 10, September, October, 1952, pp. 434 
155; 510-512, illus 

American Application of the Ugine- 
Séjournet Extrusion Process. The 
neer, Vol. 194, No. 5052, November 2 
1952, pp. 689, 681, 683, illus 

(Ugine-Séjournet Hot) Tube-Extrusion 
Process. Vechanical Engineering, Vo 
74, No. 9, September, 1952, pp. 748, 749 
illus 

Cold Extrusion Saves Time and Ma- 
terial in Making Rocket Elements. Josep! 
Geschelin lutomotive Industries, Vo 
108, No. 1, January 1, 1958, pp. 62-65 
illus 

Contour Developer for Sheet Metal 
Products. Lew W. Goodwin. Jol En 
neer, Vol. 29, No. 6, December, 1952, pp 
illus. Developed by Contour 

Engel Pre-Form -A_ Revolutionary 
Method. Western Aviation, Vol. 32, No 
9, September, 1952, pp. 14, 15, illus 

Large Extrusion-Press Operation and 
Production Problems in Aluminum. T. | 


McCormick Aeronautical Engineeriy 
Review, Vol. 12, No. 2, February, 1953 
pp. 27-33, illus. (Paper presented at thi 


A.I.M.E. - 
sored Heavy Press Program for Light 
Metals, New York, December 2, 1952 

Requirements for Large, Light-Metal 
Forgings and Extrusions in the Aircraft 
Industry. George W. Papen. Aeron 
cal Engineering Review, Vol. 12, No 
January, 1953, pp. 24-33, illus. 9 ref 
erences 

Carbonitriding. I. LD. M. Dovey and 
kK. C. Randle Vetal Treatment, Vol. 19 
No. 87, December, 1952, pp. 511-518 
illus. 7 references. Survey of techniqu 

Heat-Treating and Machining of Boron 
Steels. II. J. D. Graham. Tool En 
neer, Vol. 29, No. 2, August, 1952, pp. 58 
60, illus. 2 references 

Heat-Treatment Oils; Uses in the 
Metallurgical Industry. A. L. H. Perry 
Vetal Treatment, Vol. 19, No. 86, Novem 
ber, 1952, pp. 467-473, 482, illus 

Thermal Etching of Iron and Steel. 
M. J. Olney Vetal Treatment, Vol. 19, 
No. 83, August, 1952, pp. 347-354, illus 
50 references. Survey of literature em 
phasizing theoretical aspects 

Automatic Size Control in Finish Grind- 
ing. I, II. W.E. Moody and R. A. Green 
Tool Engineer, Vol. 29, Nos. 3,4, Septem 
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ber, October, 1952, pp. 37-40; 53, 54, 
illus. 

Finish Grinding Troubles and Remedies 
i. II. A. W. Todd Tool Engineer, Vol 
29, Nos. 4, 5, October, November, 1952, 
pp. 40-48; 65, 66, illus 

Time Saving Method for Tapering Air- 
craft Skins. Automotive Industries, Vol 
107, No. 6, September, 1952, p. 74, illus 
Use of abrasive belts developed by Car 
borundum Co. and Bell Aircraft Corp 

Correlation of Weldability Tests with 
Structural Joints. 
with the Controlled Thermal Severity 
Test. C. L. M. Cottell, M. D. Jackson, 
and J. G. Purchas Welding Research 
(British), Vol. 6, No. 3 (R. 81) June, 1952, 
pp. 50 57, illus. 8 references. 

How to Pick the Right Welding Proc- 
ess. John J. Chyle. SAE Journal, Vol 
60, No. 10, October, 1952, pp. 31-88, illus 
Excerpts from paper presented at S.A.E., 
Summer Meeting, Atlantic City, N-.J., 


June 2, 1952 


Production Engineering 


Criteria for Efficiency. John Starr 
Tool Engineer, Vol. 29, No. 4, October, 
1952, pp. 51, 52, illus. Convair’s methods. 

Discussing Production. Flight, Vol. 63, 
No. 2294, January 9, 1952, pp. 36-38, 
Summaries of papers presented at Insti 
tution of Production Engineers, Southern 
Section, conference on ‘‘Problems of Air 
craft) Production,” Southampton, Eng 
land, December, 1952. (Also available in 
The Aeroplane, Vol. 88, No. 2162, Decem 
ber 26, 1952, pp. 831 

Efficient Heat Treating of Large Trans- 
mission Parts. R. Peterson. -lutomo 

e Industries, Vol. 107, No. 6, September 
15, 1952, pp. 88-40, illus. Equipment and 
enginecring methods at General Motors 
Corp 

Numerical Control; Punched-Tape 
Method of Controlling a Sequence of 
Machine-Tool Operations. V. N. Pease 
lircraft’ Production, Vol. 14, No. 168, 
October, 1952, pp. 356-358, illus De 
veloped at M.1I.T 

Statistical Quality Control in Relation 
to Engineering. Walter S. Oliver. Auto 
motive Industries, Vol. 107, No. 12, Decem 
ber 15, 1942, pp. 38840, 90, 92, illus 


Production of Specific Aircraft 


Building Big (Consolidated Vultee B-36 
Bombers. /nteravia, Vol. 7, No. 12, De 
cember, 1952, pp. 686-689, illus 

The Canadian Order for Viscounts. 
The Ae roplane, Vol. 83, No. 2158, Novem 
ber 28, 1952, pp. 724-726, illus. Charac 
teristics of 700 series 

Canadair Sabre; Canadian Production 
of the North American Fighter Aircraft; 
An Outline of the Shop-Layout and As- 
sembly Processes. James Hay Stevens 

lircraft) Production, Vol. 14, No. 170, 
December, 1952, pp. 404-410, illus 

The Engineering Considerations of the 
Douglas) DC-7 Project. J. R. McGowen 
Western Aviation, Vol. 32, No. 10, October, 
23-26, illus 

Producing the SAAB-29. Aircraft ( Aus 
tralia), Vol. 30, No. 12, September, 1952, 
25, illus. 
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Test tquepment ? 


Be sure to look 
beyond the unit... 


Bowser Technical Refrigeration pioneered the development and man- 
ufacture of environmental test equipment. 

Bowser's complete engineering staff is available (at no obligation) 
to help in solving YOUR difficult test problems. Design engineers 
and production facilities are available to construct test equipment 
to meet your specialized requirements. 

Typical of Bowser's standard test chambers are the Laboratory 
Unit and Walk-In Room shown above. 

The Laboratory Unit has a temperature range from +200 F to 

100 F, relative humidity range from 20%, to 98%, altitude from 
sea level to 100,000 feet. 

Standard Walk-In Rooms simultaneously produce altitude to 100,- 
000 feet, temperature range from —100° F to +200 F, relative hu- 
midity from 20%, to 98%,. 

Bowser also builds explosion chambers, sand and dust chambers, 
humidity simulation units, and environmental simulation chambers te 
meet any desired specifications. 

Write for free a bulletins or request a Bowser field engi- 
neer to consult on YOUR environmental test problem. 


TECHNICAL REFRIGERATION 


DIVISION BOWSER, INC TERRYVILLE CONNECTICUT 
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trained hands reach 
for precision-made 
instruments 


Designed especially for engineers 
and draftsmen, precision-made 
MICROTOMIC Drawing Pencils 
meet every requirement. The 
result of over a century of 
pencil-making “know-how” 
vA backed by constant Eberhard 
raya Faber research. See the dif- 
ee ference—prove it to your 
satisfaction! 

Compare any of Microtom- 
ic’s 18 degrees in your own 
drafting room. To make 
this test easy and without 
cost—write us for a sample 
(specify degree wanted). 


Only Microtomic 
gives you 
all these features: 


HI-DENSITY LEADS 


Lines are opaque to actinic 
tays of high speed ‘printers’. 


ABSOLUTELY UNIFORM 


Every Microtomic of the same 
degree marking is identical. 


NEW DUSK GRAY 


Scores of professional men 
acclaimed it the best color for 
a drawing pencil. 


BULL'S EYE DEGREE MARKING 


Easier to read... quicker to 
find—positive identification. 


ALSO —Choice of Holders and 
Microtomic Drawing Leads. 


EBERMARD FABER 


since 1849 


ENGINEERING 


REVIEW—APRIL, 


1953 


TORQUE 


Sturtevant 


FOR TESTING 
1) Screws, thread-cutting and 
\ o thread-forming screws—all types of 

4 threaded fasteners; threaded parts 
and threaded connections. 


FOR MANUFACTURERS 
DESIGNERS 
INSPECTORS 

TOOL ENGINEERS 
LABORATORIES and for 
PRODUCT CONTROL 


in assembly. 


Capacities: (0-200 
in. Ibs.) or (0-150 
ft. lbs.) 


Bulletin TTF ADDISON [QUALITY] /L LINOIS 


1903 Fifty Yearsof Plight 1958 


2nd _ International 


AVIATION TRADE SHOW 


Hotel Statler 
New York, N.Y. 


June 9, 10, 11, 1953 


18,000 square feet of exhibit space showing the 


newest aviation products and services. 


Introduce new materials ... 


Expand the market for established products. 
Space reservations now being accepted. 


For details write: 
Dept. R2 
Aircraft Trade Shows, Inc. 
(Management Connolly & Leopold) 
Hotel McAlpin, New York 1, N.Y. 


Telephone 
PE 6-5933 


Cable Address 
AIRSHOWS 
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Production Tooling for Navy R3Y 
(Turboprop Flying Boat). W. L. Young. 
Western Aviation, Vol. 32, No. 10, October, 
1952, pp. 16-19, illus. 

The Tri-Company B-47 Project. Lee 
Howard. Western Aviation, Vol. 32, No. 
10, October, 1952, pp. 40, 42, 43, 45, illus. 


Tooling 


Applications and Advantages of Cast- 
Alloy Cutting Tools. Chester M. Adams. 
Tool Engineer, Vol. 29, No. 4, October, 
1952, pp. 37-39, 47, illus. 

Concrete Blocks, Set on Springs; 
Cushion Air-Operated Drop Stamps. Avw- 
tomotive Industries, Vol. 108, No. 1, Jan- 
uary 1, 1953, pp. 92, 104, illus. Ryan 
Aeronautical Co.’s Cecostamps. 

Crush-Grinding; The Time-Factor for 
Diamond-Dressing ; Use of Crush-Formed 
Grinding Wheels in Tool-Manufacture. 
Aircraft Production, Vol. 14, No. 169, 
November, 1952, pp. 366-372, illus. 

Disc- and Ring-Machining; Develop- 
ment of the Tee-Bed Lathe for Gas-Tur- 
bine Components. Aircraft Production, 
Vol. 14, No. 169, November, 1952, pp. 
377-880, illus. 

Heavy Press Program Moves Forward. 
- I—Requirements for Large, Light 
Metal Forgings and Extrusions in the Air- 
craft Industry. George W. Papen. II 
13,200 Ton Extrusion Press. T. F. Mc- 
Cormick. III—Large Castings for Huge 
Forgings and Extrusions. T. L. Fritzlen. 
IV—20,000 Ton Extrusion Press. M. D. 
Stone. V—New Techniques for Forging 
Aircraft Parts. G. W. Motherwell, J. R. 
Douslin, and A. L. Rustay. VI—50,000 
Ton Forging Press Designed by Loewy. 
Fred T. Morrison and R.G. Sturm. A uto- 
motive Industries, Vol. 108, No. 2, January 
15, 1953, pp. 40-45, 146, 150, 152, 154, 
illus 

High-Speed Surface-Broaching Ma- 
chine. E. C. Raehrs and E. J. Rivoira. 
Mechanical Engineering, Vol. 74, No. 9, 
September, 1952, pp. 735-739, illus. 

How to Increase Press Brake Efficiency. 
Harry M. Smithgall. Tool Engineer, Vol. 
29, No. 6, December, 1952, pp. 
illus. 

Hydraulic Press and Drawbench. \/e- 
chanical Engineering, Vol. 74, No. 10, 
October, 1952, pp. 818-820, illus. 

Low Cost Blanking Dies for Light Gage 
Aircraft Parts. G. V. Rutkoskie. A uto- 
motive Industries, Vol. 107, No. 7, October 
1, 1952, pp. 66-68, illus. Method used at 
Douglas Aircraft Co. 

Machine-Tools at Olympia; Further 
Description of Some of the Equipment at 
the Current M.T.T.A. Exhibition. Air- 
craft Production, Vol. 14, No. 168, October, 
1952, pp. 346-355, illus. 

Machine Tools—Key to National De- 
fense. Frederick S. Blackall, Jr. Sperry- 
scope, Vol. 12, No. 10, Summer, 1952, pp. 
8-11, illus. A’reraft-industry and other 
experience. 

Metal Cutting Temperatures and Tool 
Wear. II. A. O. Schmidt. Tool Engi- 
neer, Vol. 29, No. 2, August, 1952, pp. 51 
54, illus. 11 references. 

Modern Machine-Tool Lubrication 
Practice. W. D. Whalen. Mechanical 
Engineering, Vol. 74, No. 10, October, 
1952, pp. 803-809, illus. 
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A COMPLETE MEDIA PACKAGE 
FOR YOUR 


Aviation Marketing Program 


la 


AERONAUTICAL 
ENGINEERING 
REVIEW 


For your monthly advertis- 
ing messages to the aircraft 
industry's engineering and 
design personnel—the men 


who influence buying. 


AVIATION 
MARKET 
BOOK 

Now Available! 


24 pages of FACTS on your 
market and REVIEW. 


Write for your free copy 
TODAY! 


2 East 64th Street 


OFFICIAL PUBLICATIONS: 


INSTITUTE OF THE AERONAUTICAL SCIENCES 


AERONAUTICAL 
ENGINEERING 
CATALOG 


Prefiles and distributes your 
aircraft products catalog to 
aviation’s buyers and speci- 


fiers. 


7,000 copies are distributed 
annually to aircraft engi- 
neers, designers, techni- 
cians and purchasing agents 
in all leading aircraft, engine 
and parts companies, Gov- 
depart- 


ments and leading air lines. 


ernment aviation 


Write for your free copy of 
12-page MARKET BOOK 
giving full details. 


New York 21, N.Y. 


|| 
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You get one less possible leak point 
by using RESISTOFLEX integral hose fittings 


These hose assemblies can help you achieve better design in engine 
and airframe “plumbing” systems. Fitted with forged aluminum, 
integral elbows, they’re interchangeable with combinations of swivel 
nut hose assemblies and adapters — thereby giving you connections 
with less parts, less weight — and less places for possible leakage. 

Resistoflex fitting bodies are machined in one piece from high 
strength aluminum forgings. You thereby assure high fatigue 
strength — still another safety factor against leakage. They are ma- 
chined with true internal turns and smooth interiors to assure full 
flow and minimum turbulence. 

Assemblies with flanged elbows are USAF and BuAER approved. 
More data in Resistoflex Aircraft Catalog —send for your copy. 


IMPROVE PERFORMANCE OF BACK-UP RINGS 


Fluorofiex®-T spiral rings, made from “Teflon,” do a 
superior job of backing up “O” ring seals, especially at 
elevated temperatures. Inert to all oils, they do not fray, 
swell, shrink, soften or harden. They reduce friction and 
increase life of the assembly. Write for Bulletin FR-14 


RESISTOFLEX 


CORPORATION 
Belleville 9, New Jersey 


Specially Engineered Flexible Resistant Products for Industry 


Progressive Dies; Tools for Mass 
Production. Robert T. Kimmel. Zool En 
gineer, Vol. 29, No. 3, September, 1952, pp. 
69-76, illus. 5 references. 

Quick Testing for Tool Life with Radio- 
active Cutting Tools. M. Eugene Mer 
chant, Hans Ernst, and E. J. Krabacher 
Automotive Industries, Vol. 108, No. 2, 
January 15, 1953, pp. 48-50, 90, 92, illus. 

(Sheridan) 300-Ton Stretch Press In- 
creasing Canberra Production. 4 utomo- 
tive Industries, Vol. 107, No. 8, October 15, 


1952, pp. 52, 58, illus. 


Propellers 


Comparative Flutter Tests on Two, 
Three, Four and Five-blade Propellers. 
H. G. Ewing, J. Kettlewell, and D. R 
Gaukroger. Gt. Brit., Aeronautical Re: 
search Council, Reports and Memoranda 
No. 2634, 1952 (March, 1948). 8 pp., 
illus. 2 references. British Information 
Services, New York. $0.65. 

The Langley 2,000-Horsepower Pro- 
peller Dynamometer and Tests at High 
Speed of an NACA 10-(3)(08 )-3 Two-Blade 
Propeller. Blake W. Corson, Jr., and 
Julian D. Maynard. U.S., N.A.C.A., 
Technical Note No. 2859, December, 1952 
75 pp., illus 14 references. 

Machining Airscrew Components. I, 
Il. H.J. Nixon. Aircraft Production, Vol 
14, Nos. 169, 170, November, December, 
1952, pp. 392-396; 416-421, illus. Proc 
esses used on variable-pitch types at de 
Havilland Propellers, Ltd. 

New Reverse System Ready & Waiting; 
Greater Safety Built into New Hamiltoua 
Standard Prop Systems. ... American 
Aviation, Vol. 16, No. 17, January 19, 
1953, pp. 30, 32, illus. 

Props for Britain’s (Britannia and 
Viscount) Turboprops: Rotol. Anthony 
Vandyk. American Aviation, Vol. 16, No 
18, February 2, 1953, pp. 48, 49, cutaway 
drawings. Design aspects in terms of 
maintenance problems. 


Reference Works 


Abstracts of Papers Published Ex- 
ternally. Gt. Brit., Aeronautical Researcl 
Council, Reports and Memoranda No. 2722, 
1952 (February, 1951). 15 pp 3ritish 
Information Services, New York. $1.00 

A Dictionary of Metallurgy. VII-—XI. 
A. D. Merriman and J. S. Bowden. 
Treatment, Vol. 19, Nos. 82-85, 87, July 
October, December, 1952, pp. 319-326 
355-362; 391-398; 445-452; 519-526 
illus 

3rd Annual Directory and Buyers Guide 
of Manufacturers and Products. 4 pplied 
Hydraulics, Vol. 6, No. 1, January, 1953 
243 pp., illus 


Rotating Wing Aircraft 


Larger Helicopters and Ground Facili- 
ties. The Acroplane, Vol. 83, No. 2162, 
December 26, 1952, p. 832, illus. 

Special Helicopter Supplement. 
Aeroplane, Vol. 84, No. 2164, January 9, 
1953, pp. 37-71, illus., tables. Partial 
Contents: Reviewing the Helicopter. A 
Survey of Helicopter Design, L. H. Hay 


Air Tur 
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Air Turbine Refrigeration 
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Whats New at AiResearch 


PROPELLER FOR 
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New AiResearch ram air turbine does a 250 pound job for jets... weighs only 17 pounds ! 


At last a light weight emergency power 
source to operate power controls in case 
of single engine failure! The new 
AiResearch ram air turbine develops a 
minimum of 3.4 hp at air speeds from 
130 knots to above Mach I 
altitude. It is now in production. 


---at any 


Features: 


¢ Supplies enough power to operate a 


3000 p.s.i. hydraulic system. 

¢ Completely self-governed. 

¢ Mounted internally andeitherextended 
into air stream or provided with ducted 
air flow. 

¢ Occupies less than 3/4 of a cubic foot of 
space, eliminating previously required 
cumbersome storage batteries and 
electric motors. 


¢ Saves more than 200 pounds! 

This ram air turbine is another example 
of AiResearch design and production 
ingenuity in the field of high-altitude, 
high-speed flight. 


Would you like to work with us? 
Qualified engineers, scientists and 
skilled craftsmen are needed here. 


AiResearch Manutacturing Company- 


A DIVISION OF THE GARRETT CORPORATION 


LOS ANGELES 45, CALIFORNIA * PHOENIX, ARIZONA 


DESIGNER AND MANUFACTURER OF AIRCRAFT EQUIPMENT IN THESE MAJOR CATEGORIES 


Heot Transfer Equipment 


Electric Actuators 


Gas Turbines Cubin Superchargers 


Pneumatic Power Units Electronic Controls 


Cabin Pressure Controls 


Temperature Controls 
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ward. Some Helicopter Reflections, J. S. 
Shapiro. Background of Achievement. 
Two Decades of Helicopter Design (Tech- 
nical Data). 

Sixth Annual Review of Rotary Wing 
Aircraft. American Helicopter, Vol. 29, 
No. 1, December, 1952, pp. 13-24, illus. 

Matra-Cantinieau MC-101 Two-Place 
Helicopter, France. M. Berry. American 
Helicopter, Vol. 29, No. 1, December, 1952, 
pp. 10, 11, 25, illus. 

Piasecki H.R.P.-1 Tandem-Rotor Res- 
cuer Helicopter. Esso Air World, Vol. 5, 
No. 1, July-August, 1952, pp. 24-26, illus 
N.A.C.A. research studies. 

Sikorsky S-55 10-12-Place Helicopter. 
Canadian Aviation, Vol. 25, No. 10, Octo 
ber, 1952, pp. 34, 60, 62, 64, illus. 


ENGINEERING 


Westland-Sikorsky S-51 Four-Place 
Amphibious Helicopter, England. Flight, 
Vol. 62, No. 2283, October 24, 1952, pp 
522, 523, illus. Trial operations. 

Design Proposal for a Military Heli- 
copter. William B. Bunker. 
Engineering, Vol. 74, No. 9, 
1952, pp. 709-715, illus 

Some Aerodynamic Problems in Heli- 
copter Design. W. Z. Stepniewski. A/ir- 
craft Engineering, Vol. 24, No. 283, Sep 
tember, 1952, pp illus. 2 
references. (Lecture presented at the In 
stitute of the Aeronautical 


Mechanical 
September, 


266-270, 


Sciences, 


Toronto Section, Toronto, Canada, May 
28, 1952.) 

Flow Through a Helicopter Rotor in 
Brotherhood. Gt. 
urch Council, Re 


Vertical Descent. P 
Brit., Aeronautica 


BH. AIRCRAFT 60. ne. 


FARMINGDALE, NEW YORK 


REVIEW- 


APRIL, 


ports and Memoranda No. 1952 
(July, 1949). 14 pp., illus. 6 references 
British Information Services, New York 
$1.00. 


979° 


Conversion to Rotating Wings; Ex- 
periences While Learning to Fly a Bell! 
Helicopter. Flight, Vol. 62, No 
October 31, 1952, pp. 562-566, illus 

Power-Off Flare-Up Tests of a Model 
Helicopter Rotor in Vertical Autorotation. 
S. E. Slaymaker and Robin B. Gray 
U.S., N.A.C.A., Technical Note No. 2870, 
January, 1953. 36 pp., illus. 


2284, 


4 references 
Readers’ Forum: Some Remarks on the 
Effect of Flapping Hinge Offset on Rotor 
Blade Stall. John R. Meyer, Jr., and G 
Falabella, Jr. Journal of the Aeronautical 
Sciences, Vol. 20, No. 2, February, 1953, 
pp. 136, 137, illus. 2 references 
Helicopter Ground Testing. Flight, 
Vol. 62, No. 2291, December, 1952, pp 
756-759, illus. (Based on papers presented 
by M. J. Brennan and Raoul Hafner befor 
the Helicopter Association of Great Brit 
ain at the Royal Aeronautical 
London, England, December 5, 


Society, 
1952.) 
Can the Airlines Use the Helicopter? 
Flight, Vol. 62, No. 2285, November 7, 1952, 
pp. 584, 585, illus. (Based on a paper by 
F. N. Piasecki and L. S. Wigdortchik, pré 
sented at S.A.E., National 
Meeting, Los Angeles, 


1952. ) 


Aeronautic 
October 1-4, 


Helicopter Transport in Great Britain. 
N. E. Rowe. International Air Transport 
Association, Bulletin, No. 16, December, 
1952, pp. 134-139, illus. 

Some Thoughts on the Operational 
Future of the Helicopter. Peter G. Mase 
field. American Helicopter, Vol. 29, No. 1, 
December, 1952, pp. 6-9, 25, illus. (Also 
available in Flight, Vol. 62, No. 2286, 
November 14, 1952, pp. 620-628, and in 
The Aeroplane, Vol. 88, No. 2156, Novem 


ber 14, 1952, pp. 656, 657.) 


Sciences, General 


Mathematics 


Boundary-Value Problems of the Elastic 
Half-Plane. R. Tiffen. Quarterly Journal 
of Mechanics and Applied Mathematics 
Vol. 5, No. 3, September, 1952, pp. 344 
351, illus. 12 references. 

Solution of Two-Dimensional Elastic 
Problems by Conformal Mapping on to a 
Half-Plane. R. Tiffen. Quarterly Jour 
nal of Mechanics and Applied Physics, Vol 
5, No. 3, September, 1952, pp. 352-360 
illus. 6 references. 

Readers’ Forum: Additonal Values of 
(the Theodorsen circulation function 
C(k). W. B. Brower and R. H. Lassen 
Journal of the Aeronautical Sciences, Vol 
20, No. 2, February, 1953, pp. 148-150, 
illus. 3 references. 

Differential Equations and Their Char- 
acteristics. G. N. Patterson. Toronto, 
University, Institute of Aerophysics, Revie 
No. 1, October, 1950. 28 pp., illus 

Methods of Conjugate Gradients for 
Solving Linear Systems. Magnus R 
Hestenes and Eduard Stiefel 
National Bureau of Standards, Journal of 
Research, Vol. 49, No. 6, December, 1952, 


pp. 409-436, illus. 15 references. (Also 
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Why JET ENGINES need 
Heat-Resistant Alloy Castings 


a. Take a look at these castings... 


In each one, specific advantages are gained by casting 
the part in heat and corrosion-resistant alloy containing 
nickel. 


Nickel-containing alloys are also specified for combus- 
tion chambers, nozzle vanes, flame tube casings, and other 
components subject to heavy stresses, intense heat, corro- 
sion fatigue and other service conditions. 


High alloy castings containing nickel may be of help to 
you on jobs where resistance to heat and corrosion are 
prime requisites. Send us details of your problems for our 
suggestions. Write today. 


JET ENGINE DIFFUSER CONE... produced by SOLAR 
AIRCRAFT COMPANY, San Diego, Calif., for use in 
J34 jet engines. Made from 18-8 columbium-stabilized 
stainless steel (AMS 5363) this casting replaced forg- 
ings, and resulted in greater economy plus superior di- 
mensional stability of the part after machining. Diam- 
eter: 24 in —Weight: 200 Ibs 


NOZZLE DIAPHRAGM ... uced in aircraft engines 
at temperatures up to 1600°F. Produced by LEBANON 
STEEL FOUNDRY, Lebanon, Pa., this part is cast in 
chromium-nickel stainless steel (CF-8C alloy, approxi- 
mately equivalent to Type 347 wrought material). 


JET ENGINE RINGS... centrifugally cast by the 
DURALOY COMPANY, Scottdale, Pa., using 25% 
chromium—14% nickel—3% tungsten alloy. The center 
casting is a rough machined blank. The end castings are 
finished rings. These parts are used at temperatures of 
600°-700°F., under highly oxidizing conditions. Diam- 
eter: about 15 in 


THE INTERNATIONAL NICKEL COMPANY, ING. wewvor's.v.v 
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SAYS 40 10 WITH 
ISC ‘SOUNDMETAL' INSTALLATIONS 


Pratt & Whitney Aircraft Division of United Aircraft Corporation 
knows the threat of excessive noise to plant efficiency and community 
relations. Its program of noise control for its test cells and laboratory 
facilities is known throughout the industry as one of the most progres- 
sive and comprehensive ever undertaken. INDUSTRIAL SOUND 
CONTROL, INC., is proud of the fact that it has contributed to this 
program — and is now converting some of P&W4A’s older reciprocating 
test cells to withstand the high gas velocities and temperatures of the 
new jets. 

Since 1936, ISC has led the field in quieting the aircraft industry. 
ISC has the skilled engineering, design and installation “know how,” 
gained through years of practical experience —it’s no wonder the 
BIGGEST jobs go to ISC. For full information — 


Write ISC today! 


FOREIGN LICENSEES: ° Cementation (Muffe lite) Limited, London 
@ Les Travaux Souterrains, Paris 


QS sound ontrol Inc. 
FS Granby Street, Hartford 12, Conn. 
2119 SO. SEPULVEDA BLVD., LOS ANGELES CALIF. 


-APRIL, 1953 


available as Research Paper No. 2379 | 


Superintendent of Documents, Washing- 
ton. $0.20.) 

On Calculating the Zeros of Poly- 
nomials by Method of Lucas. Herbert 
E. Salzer. U.S., National Bureau of 
Standards, Journal of Research, Vol. 49, 
No. 2, August, 1952, pp. 133, 134, illus. 3 
references. (Also available as Research 
Paper No. 2348. Superintendent of 
Documents, Washington. $0.05.) 

Simplified Methods for the Evaluation 
of Transients in Linear Systems. L. von 
Hamos, B. Jansson, and Th. Persson. 
Acta Polytechnica (Stockholm), No. 112 
(Physics and Applied Mathematics Series, 
Vol. 2, No. 3), 1952. 35 pp., illus. 8 
references. Sw. Kr. 6:00. 

The Solution of a Functional Equation. 
A. H. Read. Royal Suciety (Edin- 
burgh), Proceedings, Section A, Mathe- 
matical and Physical Sciences, Vol. 68, 
Part 4, 1951-1952, pp. 336-345, illus. 3 
references. 

Studies in Practical Mathematics. 
VII—On the Theory of Methods of Fac- 
torizing Polynomials by Iterated Division. 
A.C. Aitken. Royal Society (Edinburgh), 
Proceedings, Section A, Mathematical and 
Physical Sciences, Vol. 63, Part 4, 1951 
1952, pp. 326-335, illus. 10 references 

A Confidence Interval for the Proba- 
bility That a Normally Distributed Vari- 
able Exceeds a Given Value, Based on the 
Mean and the Mean Range of a Number 
of Samples. T. J. Terpstra. Applied 
Scientific Research, Section A, Mechanics, 
Heat, Chemical Engineering, Mathematical 
Methods, Vol. 3, No. 4, 1952, pp. 297-307, 
illus. 8 references. 

On the Theory of Prediction of Non- 
stationary Stochastic Processes. R. C 
Davis. Journal of Applied Physics, Vol 
23, No. 9, September, 1952, pp. 1047-1053 
10 references. 

Letters to the Editor: Organization and 
Entropy. Jerome Rothstein. Journal of 
Applied Physics, Vol. 23, No. 11, Novem 
ber, 1952, pp. 1281, 1282. 2 references 

Statistical Evaluation of Rational and 
Stratified Methods of Sampling. I-V. 
James V. Strela. Tool Engineer, Vol. 29, 
Nos. 2-6, August-December, 1952, pp. 
37-40; 61-66; 55-60; 56-61; 70-72 


illus 


Physics 


The Conductivity Change in Poly- 
ethylene During y-Irradiation. S. May 
burg and W. L. Lawrence. Journal of 
Applied Physics, Vol. 23, No. 9, Septem 
ber, 1952, pp. 1006-1011, illus. 6 refer 
ences, 

Letters to the Editor: Emissivity for 
CO. at Elevated Pressures. R. J. Holm, 
D. Weber, and S. S. Penner. Journal « 
Applied Physics, Vol. 23, No. 11, Novem 
ber, 1952, p. 1283, illus. 1 reference 

The Induction of Electric Currents in a 
Uniformly Conducting Circular Disk by 
the Sudden Creation of Magnetic Poles. 
A. A. Ashour. Quarterly Journal of 
Vechanics and Applied Mathematics, Vol 
5, No. 3, September, 1952, pp. 379-384, 
illus. 4 references. 

Manometric Gas Analysis Apparatus. 
James N. Pitts, Jr., Donald D. DeFord, 
and Gerald W. Recktenwald. Analytica 


| 
| 
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aa, WHICH PILOT LIGHT 


ersson. 


Series 


DO YOU NEED? 


( Edin- 
Mathe- 

‘ol. 63, 
llus. 3 


matics. 
of Fac- 
ivision. 
burgh), 
cal and 
, 1951 
neces 

Proba- 
d Vari- 
on the 


THE BIG ONE 
Yumber 


1 pplied This Pilot Light Assembly was first 
hanics, | made to accommodate the S-11 Jamp 
‘matical and was intended for use in the 
‘cial cabs of great diesel locomotives. 


ACTUAL SIZE 


Cat. #613529-211 


f Non- 


HAS THE COMPLETE LINE OF 
INDICATOR and PANEL LIGHTS 


irnal of | 


iy \ this LITTLE one 
gem THE LITTLE ONE 


This BIG one 


Jol. 29, The miniaturization program on defense products required the 
2, pp. development of this sub-miniature light. It is used iy 
mee, on communication equipment and aircraft. %, ACTUAL SIZE 


| Midget flanged base bulbs to fit are rated 1.3, 6, 12, and 28 volts. Cat. #8-1930-621 


Poly- 


May 

rnal of ps to suit your own special conditions and e 
eptem requirements will be sent promptly ; 
and without cost. Just outline your needs. 

Let our engineering department assist ; ~~ 


f. 

in selecting the right lamp and the best 

rnal of hy -- pilot light for YOU. 

-ataghe Write for the Dialco HANDBOOK of PILOT LIGHTS 

Poles. 

aid 4 Foremost Manufacturer of Pilot Lights 

si DIALIGHT CORPORATION 

‘rent | 60 STEWART AVE., BROOKLYN 37, N. Y. HYACINTH 7-7600 © 192 | 
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WITTEK 


AN737-TW 
TYPE WWD 
(Tangential— 
with one-piece 
housing) 


Standard of the 
Industry for Over 
a Quarter Century 


WITTEK 


AN737-RM 
TYPE FBSS 
(Radial — 
with floating 


bridge) 


Manufacturing Co. wi 
4305-15 West 24th Place ee 
Chicago 23, Illinois 


COMPLETE COMPUTING SERVICE 


for @ Problem Analysis 
Programming 
® Machine Computation 


in the fields of applied science, technol- 
egy, and large-scale data processing. 


Offered to industry ...to government 
agencies...andtoresearchorganizations. 
This center will operate an ERA 1101 
--.a large-scale general-purpose digital 
computer with an outstanding record of 
reliable performance. 


We Invite Your Inquiry. 
For additional information on 
facilities and services of the 
ERA Computation Center 
write DEPT. AE-3 


Division of Remington 
COMPUTATION CENTER, 555 23rd Street So., Arlington, Virginia 


ENGINEERING 


Chemistry, Vol. 24, No. 10, October, 1952, 
pp. 1566-1568, illus 

The Motional Impedance of Simple 
Sources in an Isotropic Solid. H. Pursey. 
British Journal of Applied Physics, Vol. 4, 
No. 1, January, 1953, pp. 12-20, illus. 6 
references. 

On the Motion of a Tumbling Body. 
A. M. O. Smith Journal of the Aeronau- 
tical Sciences, Vol. 20, No. 2, February, 
1953, pp. 73-84, illus. 10 references 
Investigation of jettisonable nose motions 
on the Douglas D-558 and D-558-2 high- 
speed research 
principles. 

Readers’ Forum: Relation of Force, 
Acceleration, and Momentum for a Body 
Whose Mass Is Varying. H. W. Sibert. 
Journal of the Aeronautical Sciences, Vol 
20, No. 2, February, 1953, pp. 141, 142 
illus. 1 reference. 

The Temperature Dependence of the 
Viscosity of Liquids. F. Gutmann and 
L. M. Simmons. Journal of Applied 
Physics, Vol. 23, No. 9, September, 1952, 
pp. 977, 978. 


9 references. 


aircraft; fundamental 


10 references 

Eighth International Congress on Theo- 
retical and Applied Mechanics. N. J. 
Hoff. Aeronautical Engineering Review, 
Vol. 12, No. 2, February, 1953, pp. 48-50 
Held in Istanbul, Turkey, August 20-22, 
1952. 


Space Travel 


Ascent from Earth. Lewis Grant, Jr 
Journal of Space Flight, Vol. 4, No. 7, 
September, 1952, pp. 1-4. 2 references 
Analysis of physical problems 

Droppable Stages May Boost Rockets to 
Earth-Circling Orbits. C. T. Aubrey 
SAE Journal, Vol. 60, No. 9, September, 
1952, pp. 18-23, illus. (Excerpts from 
“Practical Aspects of Space Ship Design 
and Interplanetary vel” presented at 
S.A.E., Southern California Section Meet 
ing, Los Angeles, January 10, 1952. 

The Juvenation of Mars. I. Wayne 
Proell. Journal of Space Flight, Vol. 5, 
No. 1, January, 1953, pp. 1-7, illus. 11 
references. 


Astronautical problems 

The Practical Approach to Astronautics; 
Fundamental Problems of Space Flight: 
Some Points from the Stuttgart Congress 
Papers. J. Humphries. Flight, Vol. 62, 
No. 2283, October 24, 1952, pp. 528, 532. 

The Rocket and the Future of Astron- 
omy. Arthur C. Clark Hunting Group 
Review, Winter, 1952, pp. 4-8, illus. 6 
references. Survey of fundamental prin 
ciples and high-altitude research. 


Structures 


An Airframe Test Rig. 7he Engineer, 
Vol. 194, No. 5055, December 12, 1952, 
pp. 794, 795, illus. S.A./4 test project at 
Short Brothers and Harland; Ltd., Bel- 
fast, Northern Ireland 
ft Frame for Testing Structures. B. H. 
Falconer and S$. R. Sparkes. The Engi 
neer, Vol. 194, No. 5057, December 26, 
1952, pp. 869-871, illus. At the Imperial 
College of Science and Technology, Eng 
land; compared with the R.A.E.’s ‘‘Cathe- 
dral” and the Bristol Aeroplane Co.’s 
frame. 


REVIEW- 


APRIL, 1953 


Theory & Analysis 


Fatigue ; Its Nature and Some Ways of 
Reducing Its Incidence. P. L. Litherland 
Teed. Aircraft Production, Vol. 14, No 
169, November, 1952, pp. 362-365, illus 
15 references. (Based on a lecture at the 
Society of Licensed Aircraft Engineers 
September 27, 1952.) 

Note on Ultimate Strength of Webs in 
Shear. R. Tatham. Royal Aeronautical 
Society, Journal, Vol. 56, No. 501, Septem 
ber, 1952, pp. 701-703, illus. 
ences. 

The Stressing of Simple Rings. | 
Solvey. Australia, Department of Supply, 
Aeronautical Research Laboratories, Struc- 
tures and Materials Monograph No 
February, 1952. 160 pp., illus. 


5 refer- 


7 refer 
ences. 

Structural Analysis of Control Rods. 
F. M. Hoblit. Product Engineering, Vol 
23, No. 10, October, 1952, pp. 173-176, 
illus. 

Virtual Work and the Analysis of Struc- 
tures with the Aid of Models. T. M 
Charlton. The Engineer, Vol. 194, No 
5050, November 7, 1952, pp. 604-606 
illus. 3 references. 

Differential Shear-Flow Analysis for 
Nonprismatic Semimonocoque Beams. 
William B. King and Walter R. Garrison 
Journal of the Aeronautical Sciences, Vol 
20, No. 2, February, 1953, pp. 127-135, 
illus. 1 reference. 

The Effect of Initial Curvature on the 
Strength of an Inelastic Column. Thomas 
W. Wilder, III, William A. Brooks, Jr., 
and Eldon E. Mathauser 
N.A.C.A., Technical Note No. 2872, Janu 
ary, 1953. 17 pp., illus. 8 references 

Solutions of Problems on the Slightly 
Curved Beam; An Extension of the 
Theory and the Drawing of Polar Dia- 
grams. J. Ratzerdorfer. Aircraft Engi 
neering, Vol. 24, No. 284, October, 1952 
pp. 288-298, 319, illus. 7 references. 

On Traveling Wavesin Beams. Robert 
W. Leonard and Berard Budiansky 
U.S., N.A.C.A., Technical Note No. 2874, 
January, 1953. 76 pp., illus. 18 refer 
ences 

Inelastic Instability and Incremental 
Theories of Plasticity. E. T. Onat and 
D. C. Drucker. Journal of the Aeronau 
tical Sciences, Vol. 20, No. 3, March, 1953, 
pp. 181-186, illus. 11 references 

The Normal Penetration of a Thin 
Elastic-Plastic Plate by a Right Circular 
Cone. J. W. Craggs. Royal Society 
(Edinburgh), Proceedings, Section A, 
Mathematical and Physical Sciences, Vol 
63, Part 4, 1951-1952, pp. 359-370, illus 
1 reference. 

Thermal Stresses in a Partially Clamped 
Elastic Half-Plane. J.H.Huth. Journal 
of Applied Physics, Vol. 23, No. 11, Nov 
ember, 1952, pp. 1234-1237, illus. 
ences. 

Analysis of Stiffened Curved Panels 
Under Shear and Compression. M. A 
Melcon and A. F. Ensrud. Journal of th 
Aeronautical Sciences, Vol. 20, No. 2, 
February, 1953, pp.111—-119,126,illus. 11 
references. 

The Bending of a Semi-Infinite Strip. 
R. C. T. Smith. Australian Journal of 
Scientific Research, Series A, Physical 
Sciences, Vol. 5, No. 2, June, 1952, pp 
227-237. 4 references. Exact solution 
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Correlation Between some Stability 
Problems for Orthotropic and Isotropic 
Plates under Bi-Axial and Uni-Axial 
Direct Stress. W. H. Wittrick. 
nautical Quarterly, Vol. 4, Part I, August, 
1952, pp. 83-92, illus. 2 references. 

- The Stability in Bending of Slightly 
Corrugated Plates. D. G. Ashwell. 
Royal Aeronautical Society, Journal, Vol. 
56, No. 502, October, 1952, 782-788, illus 


4 references 


Aero- 


Thermodynamics 


High Temperature Thermodynamic 
Processes; Their Generalized Treatment, 
with Particular Application to Rocket 
Motors. F. E. Osborne. Aircraft Engi- 
neering, Vol. 24, No. 284, October, 1952, 
pp. 294-297, illus. 12 references. 

On the Use of the Joule-Thomson Effect 
to Measure the Work Equivalent of Heat. 
Thermodynamic Theory. John R. Roe- 
buck. Journal of Applied Physics, Vol. 
23, No. 10, October, 1952, pp. 1119-1121, 
illus. 5 references. 

Temperature Rise in a Heat-Producing 
Solid behind a Surface Defect. William 
Karush. Journal of Applied Physics, Vol. 
23, No. 11, November, 1952, pp. 1191 
1193, illus. 2 references. 

Microchronometric Schlieren Study of 
Gaseous Expansion from an Electric 


Spark. H.L. Olsen, R. B. Edmonson and 
E. L. Gayhart. Journal of Appricd 
Physics, Vol. 28, No. 10, October, 1952, 


pp. 1157-1162, illus. 7 references. 

Prediction of Flame Velocities of Hydro- 
carbon Flames. Gordon L. Dugger and 
Dorothy M. Simon. U.S., N.A.C.A., 
Research Memorandum No. E52J13, Janu- 
ary 2, 1953. 23 pp., illus. 28 references. 

Spark Ignition of Flowing Gases. III 
Effect of Turbulence Promoter on Energy 
Required to Ignite a Propane-Air Mixture. 
Clyde C. Swett, IJIr., and Richard H. 
Donlon. U.S., N.A.C.A., Research Mem- 
orandum No. E52J28, January 14, 1953. 
7pp., illus. 4 references. 


Heat Transfer 


Forced Convection Heat Transfer from 
Horizontal Cylinders in a Rarefied Gas. 
F. M. Sauer and R. M. Drake, Jr. 
nal of the Aeronautical Sciences, Vol. 20, 
No. 3, March, 1953, pp. 175-180, 209, illus 
11 references. 

On the Calorimetric Heat Exchange 
Correction. H. D. Vasileff. Journal of 
Applied Physics, Vol. 23, No. 9, Septem 
ber, 1952, pp. 979-983, illus. 2 references 

Regenerator Heat Exchangers for Gas- 
Turbines. J. E. Johnson. Gt. Brit., 
Aeronautical Research Council, Reports and 
Memoranda No. 2630, 1952 (May, 1948). 
72 pp., illus. 11 references. British 
Information Services, New York. $4.50 
Tables and measurements of heat transfer. 

Stability and Accuracy of Numerical 
Solutions of the Heat Flow Equation. 
P. H. Price and M. R. Slack. British 
Journal of Applied Physics, Vol. 3, No. 12, 
December, 1952, pp. 379-384, illus. 6 
references. 

Study of Pressure Effects on Vaporiza- 
tion Rate of Drops in Gas Streams. 
Robert D. Ingebo. U.S., N.A.C.A., 


Jour 
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**New Techniques in Photography for Industry 


REVIEWS 


14] 


New concept in photography 


For Aeronautical Engineering 


xk * 


Tar 


Motorized For Sequence and Remote Control Photos 


Set the Robot-Star just once, and 
you're all set for as many as 24 
(or 48) exposures, made singly or 
in rapid-fire sequence, as fast as 
8 per second! Robot-Star automat- 
ically moves film and resets shut- 
ter after each exposure. Sur- 
passes human efficiency because 
of its built-in clock-work motor. 
Remote control release and other 
accessories bring new camera 
applications never before thought 
possible in science and industry 
as well as for personal use. 
Takes any standard film—color, 
too. Gets 50% more pictures, 
with 55 exposures instead of 36 
per loading. Choice of Schneider 
lenses, wide angle to telephoto. 
For new camera thrills — get 
Robot-Star—from $217.50. 


Write for authoritative treatise A 


and Science’'—Sent without charge. 


INTERCONTINENTAL MARKETING CORP. 
251 Fourth Avenue e New York 10, N. Y. 


AIRSURANCE | 


Airline Passenger Insurance 


Annual Policies 
from $5,000 to $100,000 


at new low rates 
No Physical Examination + No Age Limit 


EXAMPLE 
$25,000.00 for death or dismemberment 
$1,000.00 for Hospital and Doctor's bills 
$50.00 per week when disabled 


PREMIUM $38.00 per year 


Policies cover 


Backed by the 
Combined Assets of 
Aetna Casualty & Surety Co. 
American Surety Co. of N. Y. 
Century Indemnity Company 
Hartford Accident & Indem- 

nity Co. 
Maryland Casualty Co. 


Massachusetts Bonding & 
Insurance Co. 


passengers on 
scheduled airlines 
world-wide — also 
girlines in Canada, 
Mexico and South 
America which meet 


safe operating 


standards, 


New Amsterdam Casualty Co. 

Standard Accident Insurance 
Company 

Travelers Insurance Co. 

United States Casualty Co. 


United States Fidelity & 
Guaranty Co. 


WRITE OR PHONE ANY U. S. GROUP OFFICE 


UNITED STATES AVIATION UNDERWRITERS 


INCORPORATED 


80 JOHN ST. « NEW YORK 38,N. Y. 
ATLANTA + CHICAGO - DALLAS - KANSAS CITY 
LOS ANGELES - SAN FRANCISCO 


Now 
equipped 
to take 
35mm 
standard 
cartridges. 


Gets the 
action every 
time because 


MAGNETIC 
DRUM STORAGE 
SYSTEMS 


Ss Investigate 
S or other these advantages 
> HIGH-SPEED © Proven dependability 
> DATA HANDLING e Large storage capacity 
REQUIREMENTS Aterable yet non-volatile 
storage 


e High speed 


Write 
foi this 
brochure 


ye 


4 
4 
1, 


101 10111011101 
Gag inecring 


Division of Remington 
1902 West Minnehaha Avenue, Dept. AE-3 © St. Paul W4, Minnesota 


DIGITAL COMPUTERS « DATA HANDLING SYSTEMS + MAGNETIC 
STORAGE SYSTEMS « INSTRUMENTS « ANALOG MAGNETIC 
RECORDING SYSTEMS « COMPUTING SERVICE 
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4OU THINK OF 


THINK 
OF 


ELINCO 


SUB-FRACTIONAL MOTORS 
AND GENERATORS 


This time, try Elinco on that “special” problem 
of instrumentation. With hundreds of variations 
on over 600 basic models already manuf .ctured, 
you may find that your special problem has been 
“pre-engineered” in the design files at Elinco. 
In tachometers, for instance, Elinco has devel- 
oped countless high-precision variations of: 


BS FRAME 


AC TACHOMETERS DC TACHOMETERS 
2-4-6-12 Poles 0.9 to 10 Volts at 100 r.p.m. 
1-2-3 Phase Voltage Output Linear 
Standard Units With Speed Within 

Sine Wave Units 1% in Either Direction 


F FRAME 


FEATURES 


Instrument-type precision ball bearings. 

Every unit balanced dynamically . . . and 
individually tested under specific 
load conditions. 

Ultra-precision manufacture of all parts. 


PLUS 
ANY physical or electrical variation to 
meet your specific requirements. 
OVER 600 basic models with hundreds 
of variations already manufactured. 


CB FRAME 


TYPES 
AC e DC e Universal 
Servo e Self-synchronous 
— RATINGS 1/3000 to 1/6 H P 
SERVICES 
1-, ‘ae PHASES One-, two-, and three-phase 
WINDINGS 
chronous 
AC Dynamically Compound Shunt e Series 
Doulas! Separately Excited e Split Field 
Adjustable speed Permanent Magnet e Reluctance 
Hysteresis e Stabilized Hysteresis 


Induction e 


PLEASE 


... Outline your problem in full detail when 
requesting quotations or literature. We have 
NO STOCK UNITS, no “mass-produced” units 
available. Every ELINCO unit is a precision 
instrument, specially designed and manufac- 
tured to meet your highest specific perform- 
ance standards. 


trolled Drag Cup 


Self-Starting 
Reversible 


ELINCD 


ELECTRIC INDICATOR CO. 


CAMP AVENUE e 


SPRINGDALE e CONN. 
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Technical Note No. 2850, January, 1953 
36 pp., illus. 12 references. 
Temperature Distribution at the End of 


a Hot Wire. J. A. Prins, S. Schenk, and 
J. M. Dumore. Applied Scientific R 
search, Section A, Mechanics, Heat 


Chemical Engineering, Mathematical Meth 
ods, Vol. 3, No. 4, 1952, pp. 272-278, illus 


5 references 


Water-Borne Aircraft 


Amphibian Potentialities. G. A. H 
Macpherson. The Aeroplane, Vol. 83. 
No. 2162, December 26, 1952, pp. 836, 837 

Catamaran Flying Ships; An Air/Sea 
Compromise for Trans-ocean Travel? 
Flight, Vol. 63, No. 2293, January 2, 1953. 
p. 8, illus 

The Flyingboat and Its Place in Avia- 
tion [Based on Experience in the United 
Kingdom. Frederick Bowhill. (Jnstitut 
of Transport, Journal, March, 1952 
Transport and Communications Review, 
Vol. 5, No. 3, July-September, 1952, pp | 
14-53. 


Descriptions 


de Havilland D.H.C.-3 Otter 8-14 Place 
Amphibious Aircraft, Canada. Aircra 
(Canada), Vol. 14, No. 9, September, 
1952, pp. 8-10, 12, 14, illus. 

Finnmark 5A-II Twin-Engined Amphib- 
ian Flying Boat, Norway. Flight, Vol 
63, No. 2293, January 2, 1953, p. 12, illus 
Details of ski-wheel undercarriage de- | 
signed by Dowty Equipment, Ltd. 

Saunders-Roe Princess Ten-Engined 
Turboprop Flying-Boat Transport Air- 
craft, England. Engineering Journal, Vol. 
36, No. 1, January, 1958, pp. 7, 24, illus 

Saunders-Roe Princess Ten-Engined 
Turboprop Flying-Boat Transport Air- 
craft, England. M.J. Brennan. Aircraft 
Engineering, Vol. 24, No. 284, October, 
1952, pp. 300-318, illus., cutaway draw 
ings. Principal features. 

Saunders-Roe Princess Ten-Engined 
Turboprop Flying-Boat Transport Air- 
craft, England. Aircraft Production, Vol 
14, No. 168, October, 1952, pp. 341-345, 
illus. Outline of development; launch 
ing 

Saunders-Roe Princess Ten-Engined 
Turboprop Flying-Boat Transport Air- 
craft, England. Flight, Vol. 62, No. 2279, 
September 26, 1952, pp. 411-422, illus., 
folded cutaway drawing. 


Design details 


Wind Tunnels & 


Research Facilities 


Estimated Power Reduction By Water 
Injection in a Nonreturn Supersonic Wind 
Tunnel. Morton Cooper and John R 
Sevier, Jr U.S., N.A.C.A., Technica 
Note No. 2856, January, 19538 
illus. 4 references. 

Swedish Aeronautical Research. 
Flight, Vol. 62, No. 2286, November 14, 
1952, pp. 616,623. Equipment and activi 
ties of the Division of Aeronautics of the 
Royal Institute of Technology (Flygtek 
niska Institutionen, Kungliga Tekniska 
Hogskolan ), and the Swedish Aeronautical 
Research Institute (Flygtekniska Férs6k 
sanstalten) in Stockholm. 


19 pp., 


| 
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Again Telecomputing 
announces a new advance 
an automatic data reduction... 


ne TELEDUCER 


AUTOMATICALLY CONVERTS ANALOG VOLTAGE 
INTO DECIMAL DIGITS 


It offers these 
important advantages: 


Does not hunt or oscillate. 


Reads low voltage without 
D.C. amplification. 


Digitizes higher voltages by means 
of attenuators. 


Provides 0.1% accuracy 
(1,000 counts full scale). 


Requires only 0.8 second or less 
for balancing. 


Uses a simple bridge-balancing circuit. 


Relays digital output to punched cards, 
an electric typewriter, magnetic 
tape or punched tape. 


Provides for minimum full-scale 
input of 20 millivolts 
(20 microvolts per count). 


as 
as 
as 
ae 


\\ 


Thermocouples 

Strain Gauges ; Punched Cards 
Telemeter Receivers Electric Typewriter 
Record-Reading Devices Teleducer —> Magnetic Tape 
Analog Computer Output Punched Tape 


Pressure Measuring Elements 


TELEDUCER Technical Bulletin 104 will be mailed you upon request. 


Coupon below is for your convenience. 
Turn hours into minutes 


with automatic data reduction 


Mr. Preston W. Simms, Dept. AER-4 
Telecomputing Corporation, Burbank, California 
Please send me TELEDUCER Technical Bulletin 104. 
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Automatic Reduction of Wind-Tunnel 
Data. V.S. Haneman, L. I. Rauch, R. J 
Leife, and U. A. Cotecchia. Aeronautical 
Engineering Review, Vol. 12, No. 2, Febru- 
ary, 1953, pp. 42-47, illus. Development 
of an analog computer by University of 


ENGINEERING 


REVIEW—APRIL, 1958 


1952, pp. 769-772, illus. 13 references. 
At the Fouad I University, Faculty of 
Engineering, Giza, Egypt. 

Test Cell Protection at Westinghouse 
Jet Engine Plant. Automotive Industries, 


Vol. 107, No. 8, October 15, 1952, pp. 33, 


PR 


fe) 


Michigan Engineering Research Institute 
under Wright Air Development Center 
sponsorship. 


The Dust Problem in Hot-Wire Ane- 


IO 


114, illus. Fire monitoring system 
Torture for Tyres; The Dunlop Aircraft- 
tyre Test-house ; Novel Ground-duty for a 


mometry. D. C. Collis. Aeronautical 
Quarterly, Vol. 4, Part I, August, 1952, pp. 
93-102, illus. 7 references. 

An Experimental Study of a Hypersonic 
Wind-Tunnel Diffuser. Peter P. Wegener 
and R. Kenneth Lobb. Journal of the 
Aeronautical Vol. 20, No. 2, 
February, 1953, pp. 105-110, illus. 13 
references. Research in the continuous 
12- by 12-cm. Naval Ordnance Labora- 
tory Hypersonic Tunnel No. 4. 

Instrumentation for Flight Research. 
H. W. Wilson. Canada, National Aero- 
nautical Establishment, Aeronautical Lab- 
oratories, Quarterly Bulletin, Report No. 
NAE 1952 (3), July 1-September 30, 1952, 
pp. 1-6, illus. 3 references. 


Sciences, 
Laboratories, 


30, October 1 
6-23; 9-25, illus 


Ascani. SAE 


Laboratories 


National Laboratories. 


Aeronautical 


Current Projects. Canada, 
Aeronautical Establishment, 


Quarterly 
Nos. NAE 1952 (3, 4), July 1-September 
December 31, 
Reports of the Aero 
dynamics, Aircraft and Allied Instrument, 
Engine, Flight Research, Fuels and Lubri- 
cants, Gas Dynamics, 
and Structures Laboratories. 

(Edwards) Air Force Base Tests High- 
S. Holtoner and F. J. 


Low Temperature, 


Speed Aircraft. | 
Journal, 
January, 1953, pp. 56-61, illus. 
Instruction and Research in Hydraulic 
Herbert 
Engineer, Vol. 194, No. 5054, December 5, 


Merlin Engine. Flight, Vol. 62, No. 2291, 
December 19, 1952, pp. 751, 752, illus 

The United Steel Companies Ltd. New 
Research and Development Department; 
The Swindon Laboratories, Rotherham. 
Metal Treatment, Vol. 19, No. 83, August, 
1952, pp. 343-346, 354, illus. 

Wind Tunnels in the High Speed Aero- 
dynamics Laboratory. J. Lukasiewicz 
Canada, National Aeronautical Establish- 
ment, Aeronautical Laboratories, Quar- 
terly Bulletin, October 1-December 31, 
1952, pp. 1-8, illus. 

Jet Test-bed Silencing. Zhe Aeroplan: 
Vol. 83, No. 2160, December 12, 1952, p 
789, illus. The Cullom Detuner. 

Stovepipe Laboratory. Flight, Vol. 62, 
No. 2281, October 10, 1952, p. 477, illus 
Pratt and Whitney ram-jet test house. 

Test-House Silencing; Methods Em- 
ployed on the Olympus Test-beds at 
Bristol. Flight, Vol. 62, No. 2290, Decem- 
ber 12, 1952, p. 734, illus. 


Bulletin, Report 


1952, pp. 


Vol. 61, No. 1, 


Addison, The 


Air Power and New Weapons 


(Concluded from page 82) 


plexity of modern air weapons, we are in danger of 
being stalled on the threshold of great achievements by 
some seeming trifle that research has overlooked. Re- 
lated subjects like weather prediction and human 
limitations under stress take on an added importance. 
The success of an entire new weapons system may hang 
on the success of an innovation as minor as liquid sus- 
pension for gyroscopes. 


There is one type of improvement necessary for nearly 
all the thousands of items we carry on our combat 
planes. I refer to weight reduction. We must continue 
to meet and defeat the sparely equipped, lighter, and 
more numerous aircraft of our enemies. But we are 
determined to do it without sacrificing the lives of our 
pilots in flimsy or incomplete planes and without aban- 
doning our present superiority in auxiliary combat 
equipment. Here again we must call upon scientists 
and technicians to provide us with the answers. 


can the free world defeat the 
massive threat of Communism ? 


The big question is 
This can be answered 
only as you provide us with solutions such as a few 
ounces of weight saved in each of a thousand component 
parts. 


It is upon areas such as these that we should endeavor 


to. concentrate interest rather than upon visions of 
weird mechanical monsters swarming across land, sea, 


and sky at some unknown date. Terrors already un- 


leashed are sufficient to destroy us unless we act in hope 
instead of shivering in fear. 

Let us continue to discuss all science’s contributions 
to military strength, both present and future—but al- 
ways with due regard for the realities of the moment. 
What we are doing and trying to do in the field of new 
weapons is too important to be exaggerated or distorted 
for purposes of vainglory. 

Boasts and claims serve to obscure real achievements 
and to becloud the minds of everyone but our skeptical 
and realistic enemies. Upon the hard, tedious, and 
often anonymous work of the true scientist and engi- 
neer depends the survival of the free world. 

We face an enemy who has outdone every tryanny 
of prior history in exploiting human masses as expend- 
able weapons. Now he is challenging our superiority 
in the sciences and the technical skills. 

All honor, then, to those who are being cited by the 
I.A.S. for their contributions to aeronautics, which 
though individual—symbolize the fine work that all of 
you are doing in this field. The free world depends 
upon you to prove that, contrary to the cynical view, 
providence is not necessarily on the side of the big 
battalions. 

Your past achievements justify our hope that prov- 
idence will favor those who encourage free inquiry, 


the successful search for knowledge, and the triumphs of 


the human mind. 
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COURTESY LEAR INCORPORATED 


\uxiliary jet engines are fitted with aluminum air intake 
}doors which close to reduce drag when not in use, and 
| open when the engines are summoned for extra bursts of 
| power at take off or in flight. 

These doors must always respond to the pilot’s instant 

command on the ground, at sub-zero altitudes or under 

icing conditions. 

This 


na 


requirement was met by embedding heating elements 
piece of Silastic sandwiched between two sheets of 
aluminum that are shaped to form the door segments. The 
Silastic insulates the heating element; withstands surface 
temperatures up to 450°F, and conducts heat rapidly to 
the aluminum intake doors. 


These doors are opened and closed by means of an actuator 
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Mlanta Chicago Cleveland Dallas New York Los Angeles Washington, D.C. 
I Canada: Fiberglas Canada Ltd., Toronto England: Midland Silicones Ltd., London 


COURTESY CONSOLIDATED VULTEE AIRCRAFT CORPORATION 


where other materials fail ! 


and screw jack assembly. To prevent dirt and ice from fouling 
the screw jack, exposed sections are encased in a heat resistant 
Silastic bellows that retains its flexibility at temperatures 
down to —100°F. 


In designing this anti-icing assembly, Silastic proved to be 
the only material that remained resilient and serviceable 
after continuous vibration and repeated exposure to temper- 
atures ranging from —100°F to +450°F. 


Such performance is typical of Silastic, the Dow Corning 
silicone rubber. When you need a material ihat will remain 
rubbery and retain its excellent dielectric properties after 
long exposure to temperatures from below —70° to above 
500°F, or after prolonged weathering or contact with a 
variety of hot oils and chemicals, specify Silastic. 
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Improved New 


VARGLAS SILICONE 
Tubing and Sleeving 


Silicone has been made more flexible. 
S 


harp turns and 90° bends cause no cracking or 

peeling — no loss of dielectric strength. 
As pioneers in the manufacture of silicone sleeving and 
tubing, we know this is the greatest improvement made 
\4\ during the past ten years. Unexcelled where high tempera- 
a NN tures must be withstood for several hours — not just for 15 
‘ minutes. You need not sacrifice abrasion resistance and 
: toughness to get flexibility. The new Varglas Silicone sleev- 
\ ing and tubing will pass cold bend tests at 35° to 40° 

\ LOWER temperature than formerly. 


The only Class H insulation 
A. / with all these features: 


Efficient from 500° F. to 85° F. 


Moisture and Fungus Resistant 


Flame Resistant — Self extinguishing 

Abrasion Resistant 

Dielectrically Strong with average readings up to 7,000 
volts. 


Available in 10 colors — at no extra cost. 


Samples of Varglas Silicone products as 
well as samples of our complete line of tubing 
and sleeving are available in a convenient sample 
folder. Just drop us a line telling us your problem 
and its peculiarities. 


VARFLEX Sates Tuc. 


CORPORATION 


Makers of 
Electrical Insulating 
Tubing and Sleeving 


311 N. Jay St., Rome, N. Y. 
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Aeronautical Reviews 


Elasticity in Engineering 


By Ernest E. Sechler. New 
York, John Wiley & Sons, Inc., 
1952. 416 pp., figs. $8.50. 


According to the preface, this book 
has been written primarily for engi 
neers working in all fields of structural 
analysis, trying to bring into one 
volume the material of most interest 
to the engineer who needs a broad 
foundation based on the fundamental 
theories of stress and deformation of 
elastic bodies under load. 

Part I contains the stress-strain 
relations, including Airy’s stress func- 
tion, and elastic energy principles. 
Part II deals with redundant struc 
tures, two-dimensional problems, tor 
sion, and the theory of plates. Part 
III treats instability, including a short 
section on instability of plates. 

In his derivations, the author fol 
lows closely Timoshenko’'s well-known 
works on Theory of Elasticity and 
Plates and Shells and Elastic Stability, 
sometimes inserting intermediate 
steps. Hence, the present book could 
be a good introduction to these more 
complete works. In this connection, 
it is unfortunate that the author uses 
other, rather arbitrary axis notations. 

More unfortunately. however, the 
author is rather inaccurate in his 
more explanatory statements. On 
page 3, instead of defining a fluid 
as a body that, at rest, cannot take 
any shear stresses, he defines it as a 
body that will deform under the 
action of infinitesimal forces, which, 
as he concedes, does not hold any 
longer for all sided pressure. Figs. 
2.3 and 2.4 on pages 11 and 12 are 
wrong, since they assume uniform 
stresses in the case of cylindrical and 
spherical coordinates, which are impos- 
sible in these cases; his elements are 
not in equilibrium. On page 42, the 
rotation is defined as the change in 
slope of the diagonal of an element 
instead of that of the principal axes of 
strain. On pages 100, 101, 317, and 
319, errors are made in the signs, lead- 
ing to positive deflections by negative 
loads. On page 338, the author tries 
to explain that the second-order equa- 
tion for buckling of columns leads to 
erroneous and incomplete solutions 
for a column with both ends fixed. 
However, the error occurs because 
equation (13.14), which is derived 
from the conditions of zero and slopes 


only, is considered as a solution, which 
it is not, since it does not satisfy the 
condition of zero end deflections. 
The incompleteness is due to the 
omission of the term (Qy)/(/J) in the 
differential equation (13.10) where Q 
is the end shear, which must be in- 
cluded to provide for the unsym 
metrical modes. 

Here follow some minor objections. 
In Fig. 5.5 on page 67, the horizontal 
part of the stress-strain diagram of 
mild steel is about ten times too short. 
The definition of the change of poten 
tial energy on page 112 is misleading. 
For educational purposes it is unfor- 
tunate that on pages 175 and 240 the 
author draws moment diagrams with 
alternating curvature for simply sup- 
ported beams with loading of constant 
sign, especially since American stu 
dents tend to make such errors, prob- 
ably because American textbooks do 
not stress the connection between 
moment diagram and funicular poly- 
gon. On page 185, the author says 
that the true deflection shape of a 
beam subjected to a constant bending 
moment is a parabola but that for 
small deflections a circular are is a 
sufficiently close approximation. 

He also states that anticlastic bend 
ing does not follow from the simple 
beam theory. On page 262, it is 
stated that Y, VY, and Z are the com 
ponents of the normal stress V rather 
than of the total stress. From the 
figures on pages 335 and 341, one 
would get a better idea of the buckling 
phenomenon by drawing the pressure 
line of the compressive force, showing 
that the column always buckles in 
sine waves with respect to the pressure 
line. Minor omissions occur in Figs. 
t.1(a) and 8.11. 

The book is excellently printed. 
The reviewer did not find a single 
misprint. When the above objections 
are eliminated, the book can be useful 
as a textbook for a general graduate 


For information on I.A.S. 
Library Service Facilities, 
see page 108 


Statements and opinions ex- 
pressed in Book Reviews are to 
be understood as individual ex- 
pressions and not necessarily 
those of the Institute. 
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course in elasticity, for which Timo- 
shenko’s books may be considered as 
too extensive. 
P. P. BIJLAARD 
Professor of Structural Engineering 
Cornell University 


futhor’s Reply 


I would first like to express my 

appreciation to Professor Bijlaard for 
his sincere and careful review of my 
new book Elasticity in Engineering. 
Really critical reviews such as this 
will materially aid in improving such 
texts for the use of students and 
practicing engineers. His comments 
will be discussed in the order of their 
presentation. 
1) I found it inadvisable to use the 
same axis notation used in the other 
texts mentioned, since, in those texts, 
axis notations differed from book to 
book and often from section to section 
in the same book. I therefore pre 
ferred to establish one axis notation 
and tried to keep it consistent 
throughout. 

(2) The fluid mechanics people 
object to defining a fluid as one that 
cannot support shear stresses. The 
exact definition of a fluid would take 
more space than could be justified in 
this text. 

(3) Figs. 2.3 and 2.4 should be more 
properly titled ‘Stress Notation in 
Cylindrical (Spherical) Coordinates,” 
respectively. A uniform stress field 
is possible in both systems if certain 
terms shown in these figures are set 
equal to zero. 

(4) Both definitions of rotation 
lead to the same results, and it was 
believed that the one used would be 
more easily visualized by the engineer. 

(5) The signs as used on pages 100, 
101, 317, and 319 are, I believe, cor 
rect as defined. On pages 100 and 
101, P is taken as positive downward 
and deflections are taken as positive 
when in the direction of the applied 
load. On pages 317 and 319, positive 
P is as shown in Fig. 12.19 and posi 
tive deflections are in the direction of 
the applied load. 

(6) The point of importance on 
page 338 is that no single second-order 
equation can yield all of the eigen 
values for the general column problem. 
Since there are always four natural 
boundary conditions, the definitive 
equation must be of fourth order 
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(7) Concerning the minor objec- 
tions, some of these are errors of 
omission which will be corrected; 
others are differences of opinion as to 
definitions which will always arise; 
others point to methods of presenta- 
tion which may help avoid student 
errors, and I am thankful to Professor 
Bijlaard for bringing them to my 
attention. 

E. E. SECHLER 
Professor of Aeronautics 
California Institute of Technology 


Aerodynamic Drag; Practical Data 
on Aerodynamic Drag 


Evaluated and Presented by 
Sighard F. Hoerner. Foreword 
by Walter S. Diehl. The au- 
thor, 148 Busteed, Midland Park, 
N.J., 1951. 259 pp., diagrs., figs. 
$5.50. 


S. F. Hoerner’s book is a collection 
of practical data on aerodynamic drag 
and probably the most comprehensive 
reference book on this subject. Such 
books are extremely valuable and use- 
ful to everyone who does practical 
work in aerodynamics and related 
fields. The collection of drag data 
and formulas has been made so thor- 
oughly that it is difficult to think of 
any item connected with drag which 
is missing from this book. Not only 


ihe aeronautical engineer will find 
answers to his problems but also 
people who are concerned with rail- 
road vehicles, automobiles, ships, sub- 
marines, etc., will find detailed infor 
mation in the book. The author also 
covers many questions on supersonic 
drag by reporting on a large variety of 
results from measurements in super 
sonic wind tunnels and in free flight 
and from _ theoretical derivations. 
Even the scanty results on drag in 
rarefied gases are included. 


In some respects, it is unfortunate 
that the author did not find a publisher 
for the book, which would have elimi 
nated several shortcomings in the for 
mal presentation. This is particu 
larly evident from the graphs, nota 
tion, and placing of references and 
footnotes. It is difficult to read the 
superfine script in the figures, and 
patience is required in reading and 
distinguishing between the numbers 
for formulas, figures, and references 
e.g., (11,1), (11.1), Fig. 11.1. 

This book will be found soon in all 
libraries where information on drag is 
desired by research personnel. 


Dr. H. H. KURZWEG 
Chief, Aeroballistic Research 
Department 
U.S. Naval Ordnance Laboratory 
White Oak, Md. 


Book Notes 


AIRPLANE DESIGN 


Climatic and Environmental Criteria for Air- 
craft Design; ANC-22 Bulletin. U.S. Muni- 
tions Board Aircraft Committee, Subcommittee 
on Air Force-Navy-Civil Aircraft Design Criteria 
Washington, Superintendent of Documents, June, 
1952. 65 pp., illus., figs. $0.35. 

Contents: Introduction. Material Composi- 
tion of the Atmosphere. Dynamic Forces in the 
Atmosphere. Solar Influences in the Atmos- 
phere. Factors Dependent on Atmospheric 
Conditions for Existence 

Ground Loads; ANC-2 Bulletin. U.S., Muni- 
tions Board Aircraft Committee, Subcommittee 
on Air Force-Navy-Civil Aircraft Design Criteria. 
Washington, Superintendent of Documents, 
October, 1952. 20 pp., diagrs. $0.15. 

Contents Chapter 1, General. Chapter 2, 
Landing Conditions. Chapter 3, Taxiing Condi- 
tions. Chapter 4, Handling Conditions. Chap 
ter 5, Miscellaneous Conditions. Chapter 6, 
Unconventional Gear Configurations and Heli- 


copters. Chapter 7, Methods of Analysis 


MATERIALS 


Symposium on Statistical Aspects of Fatigue. 
(Special Technical Publication No. 121), Phila 
delphia, American Society for Testing Materials, 
1952. 64 pp., diagrs. $1.75. 

Contents: Introduction, R E Peterson 
Planning and Interpretation of Fatigue Tests, 
Alfred M. Freudenthal. On Statistical 
Nature of Fatigue, Foster B. Stulen. Statistical 
Analysis of Fatigue Data, Robert Plunkett. 
Discussion. 

Structure of Metals; Crystallographic Meth- 
ods, Principles, and Data. Charles S. Barrett. 


2nd Ed New York, McGraw-Hill Book Com 
pany, Inc., 1952. 661 pp., illus., diagrs. $10 

The general plan of the first edition (1943) of 
this text and reference book has been retained 
throughout this revision. Much significant re 
search has been published in the interval between 
editions, and the discussions and treatments of the 
previous edition have been expanded accordingly 
Extensive revision has been made of the sections 
concerning dislocations, imperfections, creep, 
strures of solid and liquid metals and alloys, tex 
tures, and transformations As before, many 
references have been given not only to original 
articles but also to detailed summaries of re 
search data, symposiums, advanced textbooks 
and other references that should prove helpful in 
bridging the gap between this book and a litera 
ture that has become extensive. As in the 
earlier edition, the last half of the book is devoted 
to the results of research and contains ex 
tensive reviews of fields that are of current 
interest 


POWER PLANTS 


Raketenantriebe; Ihre Entwicklung, Anwen- 
dung und Zukunft (Rocket Motors; Their De- 
velopment, Application, and Future). Josef 
Stemmer. Zurich, Schweizer Druck- und Ver 
lagashaus AG., 1952. 534 py llus., diagrs., figs 
Sw. Fr. 19.75 

The present work affords a general introduction 
to the complex problems of rocket motors, as well 
as rocket flight and space travel Following a 
brief historical summary of rocket development 
and a chronology of important events and dis 
coveries, fuels for pure rockets are discussed 
Rockets with powder propellants, the problems of 
high-speed and high-altitude flight, and rockets 
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using liquid propellants are treated in the next 
three chapters. Chapter 6 is concerned with per 
formance and characteristics. Chapter 7, on the 
status of liquid-fuel rocket motors, contains con 
tributions by Eugen Sanger and Heinz Gartmann 
Chapter 8, which comprises one quarter of the 
book, analyzes the design and performance of 
rockets that have been built and flown. The 
final chapter examines the different aspects of the 
question of space travel. The book concludes 
with a 9-page list of selected references and an 
appendix containing a chart of the upper atmos 
phere and constructional diagrams 


Power Plants for Aircraft. Joseph Liston 
New York, McGraw-Hill Book Company, Inc 
1953. 577 pp., illus., diagrs., figs. $8.50 

The primary objective of the author has been 
to provide a text and reference book for seniors 
and beginning graduate students in aeronautical 
and mechanical engineering. The emphasis is on 
fundamental principles, and a broad approach 
involving the consideration of all types of aircraft 
power plants, is used. Further amplification of 
selected subjects can be made by utilizing the 
references cited. Review questions and problems 
are provided to aid the student in fixing the sub 
ject matter more fully in his mind. Review 
chapters on thermodynamics and fluid mechanics 
are not included because it was felt that the stu 
dent could review more effectively by referring to 
the textbooks used for these courses. Illustra 
tions are made an integral part of the work so 
that, in many cases, only a preliminary explana 
tion is presented in the text, leaving the remainder 
summarized in the accompanying figure. In 
cluded in the presentation are comparisons of jet 
and reciprocating power plants, an analysis of 
the theoretical power-plant cycles, a comparison 
of actual engine performance with the theoretical 
cycles, and a discussion of practical problems 
encountered in operation and testing. The au 
thor is Professor of Aeronautical Engineering 
Purdue University. 

Contents: (1) Basic Requirements and Achieve 
ments. (2) Utilization of Available Energy 
(3) Fuels. (4) Charge Handling. (5) Cylinder 
and Burner Phenomena. (6) Performance 7) 
Turbine Engine Characteristics. (8) Structural 
and Mechanical Requirements 


PRODUCTION 


The Welding of Non-Ferrous Metals. FE. G 
West. New York, John Wiley & Sons, Inc 
1951. 553 pp., illus., diagrs., figs. $8.50 

The purpose of this book is to place on record 
basic information on the application of the various 
welding processes to the nonferrous metals. It 
has been written with two main classes of reader 
in view: the welding engineer, welding operator 
and welding instructor and trainee on the one 
hand and the designer, production engineer, and 
metallurgist on the other. Brief descriptions of 
the equipment and processes have been included 
and brief explanations have been introduced when 
ever necessary to explain the metallurgical, physi 
cal, or chemical phenomena encountered in weld 
ing. Subject references to 353 original papers 
have been included throughout the book, and 
these have been gathered together toward the 
close of the book. The many tables and dia 
grams and the detailed index of subjects make the 
book useful for reference. The author is Techni 
cal Director of The Aluminium Development 
Association 

Contents 1) Weldability. (2) Properties 
Important in Welding. (3) Summary of Fusion 
Welding Processes (4) Resistance Welding 
Processes. (5) Pressure Welding. (6) The 
Welding of Aluminium and Its Alloys. (7) The 
Welding of Magnesium Alloys (8) The Welding 
of Copper Alloys. (9) The Welding of Nickel 
and Its Alloys. (10) The Welding of Lead and 
Its Alloys. (11) The Welding of Zine and Its 
Alloys. (12) The Welding of Low Melting Point 
Metals (13) The Welding of High Melting 
Point Metals. (14) The Welding of Precious 
Metals 
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Propeller Shaft Forgings 
Require Special Skills to Produce 


pressure 


Skilled metallurgists produce special electric alloy steel for 
these forgings at National Forge. The steel must have high re- 
sistance to fatigue, wear and shock. After rough machining and 
carefully controlled heat treating, these forgings are precisely 
machined to close tolerances by skilled machinists. The finished 
shafts are ready for installation. 

These special skills were developed at National Forge through 
years of close cooperation with the aircraft industry. This has 
given National Forge a complete understanding of the quality 
requirements both in material and machining. 

Why not put this experience and skill to work for you when 
next you need forgings? Write for full information. 


IRVINE, WARREN COUNTY, PENNSYLVANIA 
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New York, Academic Press, Inc., 1952 
figs. $12 
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SCIENCES, GENERAL 


CHEMISTRY 


Diffusion in Solids, Liquids, Gases. W. Jost 
558 pp, 


Diffusion processes are dealt with on a broad 


basis, and the subject of chemical reactions in 
solids is entirely neglected except for such cases 
that could be described in terms of diffusion proc 
esses Although the 


present monograph con 


tains several theoretical chapters, it is the work 


an experimental physical chemist Its chief 


assist in planning, evaluating, and under- 


standing diffusion experiments, at the same time 
giving a survey of the results obtained to date 
The author is Professor of Physical Chemistry, 
Technische Hochschule, Darmstadt 


Contents: I, The Fundamental Laws of Dif 


fusion. II, Disorder in Crystals. III, Theory of 


Diffusion in Solids IV, Electrolytic Conduction 


SPECIAL APPLICATION 
FRACTIONAL HORSEPOWER 


MOTORS 


®@ The satisfactory experience of 
users of many thousand types of 
products equipped with Lamb 
Electric Motors has proved the 
importance of designing the motor 
for the particular application. 
By providing the exact mechani- 
cal and electrical requirements, 
special engineering assures de- 
pendability and other motor 
qualities essential for outstanding 
product performance. 
Other advantages usually ob- 
tained with Lamb Electric speci- 
ally engineered motors are — 
savings in space, weight and 
cost factor. 
The time to realize the full benefits 
of a Lamb Electric Motor is while 
your product is in the design stage 
The Lamb Electric Company 
Kent, Ohio 


In Canada: Lamb Electric—Division of 
Sangamo Company lLtd.-Leaside, Ontario 


TICAL ENGINEERING REVIEW 


and Diffusion in Ionic Crystals V, Diffusion in 
Metals and in Non-Polar Crystals. VI, Solu 
bility in Solids. VII, Permeation and Diffusion of 
Gases in Solids. VIII, Mobility of Ions in Solid 
and Molten Metals and Alloys. IX, Surface 
Reactions of Metals, Formation of Protective 
Layers and Related Reactiot X, Diffusion in 
Gases. XI, Diffusion in I ds. XII, Thermal 
Diffusion. Author, Subject, and Formula In 
dexes 


MATHEMATICS 


Linear Algebra and Projective Geometry 
Reinhold Baer. New York 
1952. 318 pp., figs $6.50 

In this book it is intended t 


Academic Press Inc 


establish the essen 
tial structural identity of projective geometry and 
linear algebra Theorem howing that certain 
geometrical concepts may be represented in 


algebraic fashion form the of the discussion 


These theorems are concern 


i with the represen 


Compactly designed motor 
developed for metering 
pump and special instru- 
ment service. 


Geared head motor with 
low output shaft speed for 
many slow speed heavy- 
duty drives. 


THEY'RE POWERING 
AMERICA’S Fines! PRODUCTS 


SPECIAL APPLICATION 
FRACTIONAL HORSEPOWER 


MOTORS 
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tation of projective geometrics by linear mani 
folds, of projectivities by semilinear transforma 
tions, of collineations by linear transformations 
and of dualities by semibilinear forms. Dimen 
sional restrictions are imposed only where nece 
sary for the validity of the theorem under con 
sideration. Some sections have been labeled 
~ Appendix”’ since the topics treated in them are 
not needed for the main body of the discussion 
The references given are designed almost exclu 
sively to supply supplementary reading. Rein 
hold Baer is at the University of Illinois. 

Linear Scale Non-Logarithmic Slide Rules 
Brooklyn 29, N.Y.,.G&G 
2003 East 12th Street, 1952. 64 
$2.98 


Morris Lewis Groder 
Corporation 
pp., diagrs 
This book is intended as a practical guide to the 
construction and operation of general- and special 
purpose slide rules in which all scale divisions ar¢ 
equally spaced Use of these devices for division 
multiplication, combined operations, reciprocal 
natural trigonometric functions, polar-rectangular 
coordinate conversion, squares and square roots 
and common logarithms is described step by ste; 
Other chapters are devoted to general principl« 
automatic index shifting, expansion of the linear 
scale, folded scales, special slide rules, multiplica 
tion and division with an ordinary ruler, and an 
electric linear-scale slide rule. Appendixes con 
tain information on significant figures, powers o 


ten, decimal placement, squares and square-root 
techniques, and determination of the characteri 

tic of alogarithm. The tools needed to construct 
these slide rules are a straight edge, pencil, cross 


section paper, and compass 


STRUCTURES 


Proceedings of the Society for Experimental 


Stress Analysis; Vol. 10, No. 1. Cambridge 
Mass., The Society, 1952. 245 pp., illus., diagrs 
figs 

Contents A Photoelastic Investigation of 
Quenching Stresses in Glass, K. A. Parsons The 


Plate Analogy as a Means of Stress Analysis, J. J 
Ryan Improved Photogrid Techniques for 
Determination of Strain over Short Gage Length 

J. A. Miller Some 
Recording Performance Data on Large Machines 
J. H. Meier 
Multiple Semi-Circular Notches in Infinite Plates 
under Uniaxial State of Stress, A. J. Durelli, R. I 

Lake and E. Phillips Mobile Instrumentation 
for Automotive Equipment, A. W. Colwell 
Measurement of Force-Time Relations in Racing 
Shells, E. D. Baird and W. W. Soroka The 
MB Strain Cycle and Counter—An Instrument 
for the Statistical Determination of the Strain 
History of Structures, N. H. Jasper. Residual 
Stresses in Surface-Hardened Oil Field Pump 


Rod 


Phases of the Technique of 


Stress Concentrations Produced by 


s,R. E. Hanslip. Determination of Dynamix 
Stress-Strain Curves from Strain Waves in Lon 
Bars, W. R. Campbell 
ing, and Analyzing Shock and Vibration Data 
C. B. Cunningham. A Mechanica! Deflection 
Gage—An Instrument for Measuring Displacs 
ment Under Impact, D. D. MacLaren, I. J. Taylor 
and L. S. Beedle. Measurement of the Resist 
ance of Materials to Mechanical Shock, T. E 
Pardue and B Impulsive Loads on 
Beams, W. H. Hoppmann, II 
Bolts under Shock Loading, H. M. Forkois, R. W 
Conrad and I. Vigness. Elastic and Creep Prop 
erties of Stresscoat, W. F. Stokey The Mea 


urement of Turbine Stresses in Aircraft Engine 


Telemetering, Record 


Goldberg 
Properties of 


in the Laboratory, on the Test Bed and in Flight 
D.A. Drew A Mechanism for Controlling Large 
Secale Fatigue Testing Machines, W. J. Hall and 
G. K. Sinnamon. Longitudinal Impact of Cylin 
drical Bars, E. A. Ripperger Stress Analysis of a 
Pipe Wrench, G. H. Eisenhardt and W. L. Walsh 
Discussion of Paper entitled: Factors of Stress 
Concentration for the Bending Case of Fillets in 
Flat Bars and Shafts with Central Enlarged Sec 
tion, A. J. Durelli and R. H. Jacobson 


sion of Paper entitled 


Discus 
Quantitative Evaluation 
of Residual Stresses by the Stresscoat Drilling 
Technique, A. J. Durelli and C. H. Tsao. Letter 
to Editor: A Method of Waterproofing Electrical 
Strain Gages, H. O. Meyer 


Lam Elecluc 
Lunt 
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Piasecki Work Horse 
Uses SPS Fasteners 


A typical selection of SPS Fasteners. For information, write SPS, Jenkintown 58, Pa. 
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Or : A START FOR THE FUTURE JENKINTOWN PENNSYLVANIA 


ni \\ 
, 
re 
4 
| 
( 

| | o> Th 

| 


152 A 


ERONAUTICAL ENGINE 


from 


any 


Arkwright Tracing Cloths are made to help 
you do your best work more easily. 


Arkwright cloth saves time. There’s never 
a pinhole, uneven yarn or other imperfection 
to slow you down. 


Arkwright cloth saves trouble. You can draw 
over erasures time and again and not have 
an ink line ‘feather’. 


Arkwright cloth saves money. If needed, you 
can get clean, ghost-free reproduction from 
a drawing years after you make it—years 
after paper or inferior cloth would have 
turned brittle and opaque with age. 


Wouldn’t you like to see for yourself why 
Arkwright Tracing Cloth is best? Write for 
samples to Arkwright ee Co., 
Industrial Trust Bldg., 
Providence, R. I. 


ARKWRIGHT 


America’s Standard for Over 30 


ERING REVIEW- 
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Model 120 Integrating Motor, for 
e INTEGRATION - SERVO MECHANISMS 
e AUTOMATIC CONTROLS 


Acceleration Time Constant 0.003 second 
Torque-to-inertia ratios in the order of 10‘ to 10° seconds -? 


The integrating motor is fitted with precision gear train and a 

5 watt potentiometer. Special output mechanisms tailored to cus- 
tomer requirements. 

NO KNOWN MOTOR can 

Model 120 in its ...| 


dynamically outperform the 
. power classification. 


uMMETS 


GYROSCOPE Co. 


2328 BROADWAY, SANTA MONICA, CALIF. 


immediate Openings for 
ENGINEERS + GYRO TECHNICIANS 
ORAFTSMEN 


THE EMERSON ELECTRIC MFG Co 
#100 FLORISSANT AVENUE 
ST LOuIs 21. MO 


GENERAL Evectaic 


APPARATUS SALES DIVISION 


Company 
We 


INDIAN: A GEAR WORKS 


THE PIBRCE COVERNOR COMPANY, INC. . 


WESTINGHOUSE 
ELECTRIC CORPORATION 


A representative exhibit of a few of our customers who have 
long used Bardwell & McAlister, Inc. as a source of supply for 


osf 


vai 


You are invited to join our “Good 
Company” — write for our Rosan 
Catalog, Dept. 43. 


ROSAN Threaded Insert 


BARDWELL & McALISTER, Inc. 


BURBANK, CALIFORNIA 


The Original manufacturer of the Rosan Locking System 


locking steel threaded inserts and 
studs in all materials softer than steel 


ROSAN Locked-in Studs 
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THERMODYNAMICS 


Heat Transfer and Fluid Mechanics Institute, 
1952; Preprints of Papers. Stanford, Calif., 
Stanford University Press, 1952 
figs $4.00 

Contents 


186 pp., diagrs 


Heat Transfer to Molten Lead-Bis- 
muth Eutectic in Turbulent Pipe Flow, Harold 
A. Johnson, J. P. Hartnett, and W. J. Clabaugh 
Skin Friction and Heat Transfer Through Turbu 
lent Boundary Layers for Incompressible and 
Compressible Flows, Coleman duPont Donaldson 
Stability of Gas Flow in a Tube as Related to Ver- 
tical Annular Gas-Liquid Flow, Allan D. K. 
Laird. The Growth of Collapse of a Spherical 
Bubble in a Viscous Compressible Liquid, Forrest 
R. Gilmore. On the Invariants in the Turbulence 
in Compressible Viscous Fluids, M. Z. E. Krzywo- 
blocki Boundary-Layer Stability and Transi- 
tion in Subsonic and Supersonic Flow, Carl 
Gazley, Jr. Experimental Investigation of the 
Local and Average Skin Friction in the Laminar 
Boundary Layer of a Flat Plate at a Mach Num 
ber of 2.4, Randall C. Maydew, and Constantine 
C. Pappas. The Application of an Electromag 
netic Analogy to the Determination of Induced 


BOOKS 


Barnes W. McCormick, Jr. Effects of Impurities 
on the Supersaturation of Nitrogen in a Hyper- 
sonic Nozzle, P. D. Arthur and H. T. Nagamatsu 
Anemometry of a Heated Flat Plate, T. Y. Wu 
and J. D. Cole. Laminar Flow Forced Convec- 
tion in Long Rectangular Tubes, S. H. Clark and 
W. M. Kays. Temperature Distribution in the 
Walls of Heat Exchangers with Noncircular Flow 
Passages, E. R. G. Eckert. 


Heat R Transfer and Fluid Mechanics Insti- 
tute, 1951; Preprints of Papers. Stanford 
Calif., Stanford University Press, 1951 
illus., diagrs., figs. $5.00. 

Contents: Diffraction pf Water Waves by 
Breakwaters, J. H. Carr and M. E. Stelzriede 
Hydraulics Applied to Molten Aluminum, D. S 
Richins and W. O. Wetmore. Steady Vortex 
Flow in a Real Fluid, Hans Albert Einstein and 
Huon Li. Remarks on the Theory for Convec- 
tion in Porous Media, F. T. Rogers, Jr. and H. L 
Morrison. The Mechanics of Drops, R. R 
Hughes and E. R. Gilliland. Pressure Distribu 
tions on the Vanes of a Radial Flow Impeller, D. A 
Morelli. Some Experiments on the Heat Trans- 
fer from a Gas Flowing Through a Convergent- 


254 pp., 


153 


Calder. The Transient Method for Determining 
Heat Transfer Conductance from Bodies in High 
Velocity Fluid Flow, C. R. Garbett. Heat Con- 
duction in a Compressible Fluid, J. D. Cole and 
T. Y. Wu. The Turbulent Mixing of Co-Axial 
Gas Jets, Fred Landis and Ascher H. Shapiro. 
Variation of the Eddy Conductivity with Prandtl 
Modulus and Its Use in Prediction of Turbulent 
Heat Transfer Coefficients, Rodman Jenkins. 
Internal Flow Data and a Heat Transfer Theory 
for the Vortex Refrigerating Tube, George W 
Schaper, Jr. Heat Transfer, Pressure Drop, and 
Burnout Studies With and Without Surface Boil- 
ing for De-Aerated and Gassed Water at Elevated 
Pressures in a Forced Flow System, H. Buchberg, 
F. Romie, R. Lipkis, and M. Greenfield. Heat 
Transfer and Pressure Drop Data for High Heat 
Flux Densities to Water at High Sub Critical 
Pressures, Warren M. Rohsenow and John A 
Clark. Liquid Superheat and Boiling Heat Trans- 
fer, B. R. Mead, F. E. Romie, and A. G. Guibert. 
A Theory of Unstable Combustion in Liquid Pro 
pellant Rocket Systems, Martin Summerfield 
Transient and Steady State Heat Transfer in 
Irradiated Citrus Fruit, H. F. Poppendiek. 
Evaporation from a Plane Boundary, Maurice L. 


Camber Correction for Wide-Bladed Propellors, Divergent Nozzle, O. A. Saunders and P. H. Albertson. 


Sherman M. Fairchild Publication Fund Papers 
Non- Non- 
Member member Member member 
No. Price Price No. Price ice 
FF-8 Compressive Buckling of Plates Due to 170 Wee Sone os: bebe of a 10° 
Forced Crippling of Stiffeners, Parts | Tow xperimental 
owing Tank, Stevens Institute of Tech- 
ston x $1 30 $2 00 nology $1.20 $1.60 
| 169 The D Fluid Fl P. Im- 
FF-7 Natural Flight and Related Aeronautics 
| James L. G. Fitz Patrick $2.65 $3.50 Tank, Stevens Institute of Technology. $0.75 $1.00 
FF-6 Wetted Length and Center of Pressure of 168 Wave Contours in the Wake of a 20° 
Vee-Step Planing Surfaces—Experi- Deadrise Planing Surface—Experimen 
mental Towing Tank, Stevens Institute of $ $ w Ari Tank, Stevens Institute of $ $ 
Technology 1.20 1.60 echnology. 1.20 1.60 
FF-5 Symposium on Standardization in Technical 167 the fee a Wedge 
Contractors $1.00 $1.00 $0.75 $1.00 
FF-4 Finite Deflections of Curved Sandwich 166 An Analysis of the Fluid Flow in the Spray 
Plates and Sandwich Cylinders—F. K oot and Wake Regions of Flat Planing 
Teichmann and Chi-Teh Wang $0.50 $0.85 Surfaces pencclper Towing Tank, 
Stevens Institute of Technology. $1.20 $1.60 
FF-3 The Penetration of a Fluid Surface by a 
Wedge—Experimental Towing Tank, 165 Theory and Practice of Sandwich Con- 
Stevens Institute of Technology. $1.20 $1.60 struction in Aircraft (A Symposium). $1.85 $2.50 
: 164 Applications of the Theory of Free Mole- 
FF-2 A Study of the Flow, Pressures, and Loads 
Pertaining to Prismatic Vee laning Sur- cule Flow to Aeronautics—Holt Ashley. $1.15 $1.50 
| faces—Experimental Towing Tank, Ste- 
vens Institute of Technology $1.20 $1.60 106 $0.35 $0.50 
AHS-1 Helicopter Flight Research at NACA, 
| 286 Linearized Treatment of Supersonic Flow 102 Electrical Resistance Strain Gages Applied 
scribe ontours—Charles_ E. cuist. 0.60 0.80 
Mack, Jr., and Ignace |. Kolodner. $0.75 $1.95 $ 
101 Introduction to Shock Wave Theory—J. G. 
244 Wetted Area and Center of Pressure of Coffin. $2.65 $3.50 
Planing Surfaces—Experimental Towing 
Tank, Stevens Institute of Technology $0.75 $1.00 100 Blade Pitching Moments of a Two-Bladed 
Rotor—R. W. Allen. $0.75 $1.00 
229 Wave Profile of a Vee-Planing Surface, 
Including Test Data on 4 30° Deadrise 126 External Sound Levels of Aircraft—R. L. 
Surface—Experimental. Towing Tank, Field, T. Edwards, Pell Kangas, and 
Stevens Institute of Technology. $1.20 $1.60 G. L. Pigman. $0.75 $1.00 
Papers should be ordered by number from: 
Publications Department, Institute of the Aeronautical Sciences, Inc. 
2 East 64th Street, New York 21, N.Y. 


— 


ENGINEERS 


FOR ATOMIC 
WEAPONS INSTALLATION 


Mechanical Engineers, Electronics and Electrical 
Engineers, Physicists, Aerodynamicists, and Mathe- 
maticians. A variety of positions in research and 
development open for men with Bachelors or 
advanced degrees with or without applicable 
experience. 


These are permanent positions with Sandia 
Corporation, a subsidiary of the Western Electric 
Company, which operates the Laboratory under 
contract with the Atomic Energy Commission. The 
Laboratory offers excellent working conditions and 
liberal employee benefits, including paid vaca- 
tions, sickness benefits, group life insurance and 
a contributory retirement plan. 


150,000, is located in the Rio Grande Valley, one 
mile above sea level. Albuquerque lies at the 
foot of the Sandia Mountains which rise to 
11,000 feet. Cosmopolitan shopping centers, scenic 
beauty, historic interest, year ‘round sports, and 
sunny, mild, dry climate make Albuquerque an 
ideal home. New residents experience little 


difficulty in obtaining adequate housing in the 
Albuquerque area 


APPLICATIONS NOW BEING ACCEPTED 
FOR TECHNICAL WRITERS 


© 
These are not Civil Service Appointments 


Make Application to the 
PROFESSIONAL EMPLOYMENT DIVISION 


SANDIA BASE 
ALBUQUERQUE, N. M. 


Albuquerque, center of a metropolitan area of ~ 


A secure future, exceptional op- 
portunities for advancement, and 
a high starting salary await you 
at FaircHILD. We have openings 
right now for qualified engineers 
and designers in all phases of air- 


craft manufacturing; we need T. H. Beck, Mana- 
top-notch men to help us in our ger of Engineering. 
long-range military program: Is an engineering 
veteran of over 22 
turning out the famous C-119 years in the avia- 
Flying Boxcar and other projects tion and related in- 
for the U.S. Air Force. dustries. 


FAIRCHILD provides paid vaca- 
tions and liberal health and life 
insurance coverage. We work a 
5-day, 40-hour week as a base. 
Premium is paid when longer 
work week is scheduled. 


ENGINE AND AIRPLANE CORPORATION 


AE FAIRCHILD 


HAGERSTOWN, MARYLAND 


g DESIGNERS 


“CAL-AERO TECH” graduates are immediately useful é 
without break-in...and dependable. 
EXPERIENCE 
4000 hours on board and in aircraft shops, with fundamentals and ac- 
tual work assignments under supervision of Aircraft Factory Experienced 
Designers — specializing in design of component parts — proficient 
in layout, strength checking and manufacturing process analysis. 
New class graduates each month— serving Douglas North 


American Boeing Northrop Curtiss-Wright « Lockheed 


Convair « Ryan « Airesearch « and many others. 


it HIRE A “CAL-AERO” GRADUATE — HE’LL DELIVER THE GOODS 


Phone or write 


CAL- AERO TECHNICAL INSTITUTE 


Grand Central Air Terminal — Glendale 1, Calif 


When you write to manufacturers whose advertising appears 
in the 
Aeronautical Engineering Review, 
it will be of interest to the companies 
and of benefit to the Institute if you mention that you saw it 
in the 


Aeronautical Engineering Review 
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Personnel Opportunities 


This section is for the use of individual members of the Institute seeking new connections and 


organizations offering employment to Aeronautical specialists. 


tion may have requirements listed without charge by writing to the Secretary of the Institute. 


Wanted 


Professors—The U.S.A.F. Institute of Tech 
nology has several vacancies for qualified pro 
fessors or engineers to teach on a graduate and 
undergraduate level in aeronautical, mechanical, 
electrical, and production engineering and mathe- 
matics. Employment will be effected in ac 
cordance with Civil Service Regulations Grade 
levels range from GS-9, $5,060 per annum, to GS 
13, $8,360 per annum. Applications should be 
made on Standard Form 57, available at any Post 
Office, or by letter to the Dean, Resident College 
U.S.A.F. Institute of Technology, Wright-Pat- 
terson Air Force Base, Ohio 

Engineers—The U.S. Naval Air Rocket Test 
Station has several vacancies in the Engineering 
General Engineer, GS-11, $5,940 
per annum Duties: Head of the Development 


Department 


Section, Instrument Branch, of the Power Plant 
Division Supervises and participates in the de 
sign and modification of electronic, electrical, hy 
draulic, and mechanical instrumentation com 
ponents to measure or record temperature, pres- 
sure, flow, velocity, and stresses encountered in 
the testing and evaluation of rocket engines and 
propellants. Chemist, GS-11, $5,940 per annum 
Duties: As an assistant to the head of the Chem 
istry Branch of the Propellants Division, per 
forms analyses on fuels, oxidizers, metals, plas- 
tics, ete. This will include determinations of the 
amounts and nature of impurities in these ma- 
terials. These analyses will also include effects 
of these impurities upon viscosity, freezing point, 
and other relevant physical and chemical proper- 
ties of the propellants or materials, etc. Elec- 
tronics Engineer, GS-7, $4,205 per annum. Du 
ties: As an engineer in the Installation Section, 
Instrument Branch, Power Flant Division, co 
operates in the design of new instrumentation and 
modification of existing testing facilities. Per 
forms experiments on instruments and _ allied 
equipment to ascertain characteristics of same. 
Supervises and participates in the calibration and 
test operation of all instrumentation on an as- 

Chemical Engineer, GS-7, $4,205 
Duties: As an engineer in the 


signed project 
per annum 
Special Projects Branch of the Propellants Divi- 
sion, evaluates various materials of construction 
and new methods of handling, storing, and trans- 
ferring propellants. Performance of calculations 
related to rocket efficiency or properties of pro- 
pellants. Engineering Draftsman, GS-6, $3,795 
per annum As a design draftsman in the design 
branch of the power-plant division, originates de- 
signs and layouts relating to the mechanical de- 
sign of experimental rocket engines, rocket-en 
gine accessories, and rocket-engine test facilities 

Applicants should complete Standard Form 57, 
Application for Federal Employment, which is 
available at any Post Office, and forward to the 
Industrial Relations Officer, Industrial Relations 
Department, U.S. Naval Air Rocket Test Station 
Lake Denmark, Dover, N.J 

Associate Professor or Professor-—— Aeronautical 
Engineering Department has need of a qualified 
man to develop the graduate program. Duties 
include counseling and guidance of students 
working for the Master’s degree and the teaching 
of graduate and senior courses. Prefer a man 
with Ph.D. and training and experience which 


would qualify him to teach theoretical aerodynam 
ics, stability and control, high-speed aerodynam- 
ics, and related subjects. Salary and rank 
dependent upon qualifications. Excellent re- 
search facilities. Wide interest in the graduate 
program on the part of employed in the large local 
aircraft industry. Inquiries should be sent to 
Professor M. H. Snyder, University of Wichita, 
Wichita, Kan. 


Aeronautical Design Engineer—GS-11, $5,940 
per annum Duties: Technical supervision and 
coordination of Coast Guard aircraft acquisition, 
construction, and improvement program; prepa 
ration, study, and evaluation of specifications; 
initiating changes in design to conform with needs 
of Coast Guard; resolution of engineering and 
production conflicts; correspondence and reports. 
Requirements: A full 4-year professional engi 
neering curriculum leading to a bachelor’s degree 
in an accredited college or university plus 2!/2 
years of aeronautical engineering experience that 
must have demonstrated a good knowledge of 
engineering principles and the ability to perform 
engineering work under only general supervision 
Address replies to: Chief, Civilian Personnel 
Division, U.S. Coast Guard, Room 3006, 1300 E 
Street, N.W., Washington 25, D.C 


Aeronautical Engineer-Teacher—The Test 
Pilot Training Division of the Naval Air Test 
Center has an opening requiring the services of a 
highly competent aeronautical development engi 
neer and teacher. His work wiil include teaching 
approximately 1 hour a day, as well as work on 
development projects in the fields of performance 
and stability and control of transonic and super 
sonic aircraft. Ample opportunities are provided 
for individual effort and original thinking. Work- 
ing conditions are ideal Low-cost Government 
housing is guaranteed Present work week is 40 
hours, and salary is $7,040 per annum; Civil 
Service rating GS-12. If you feel that you might 
be able to fill this job, please contact Mr. D. O, 


Dommasch, Chief Engineer, Test Pilot Training 


Division, Naval Air Test Center, Patuxent River, 
Md. Your letter should include a brief summary 
of your past experience Interviews will be 
arranged as necessary. 


Engineers—The Special Devices Center, Port 
Washington, N.Y., is a field laboratory of the 
office of Naval Research, which conducts research 
and development relating to all manner of syn- 
thetic training devices including training aids, 
calculators, demonstrators, research tools, and 
components thereof. Projects include arma 
ment, computers, flight, human engineering, 
navigation, radat and communications, subsurface 
problems, visual design and training, and utiliza- 


The number preceding the notices 
represents the Box Number of the In- 
stitute of the Aeronautical Sciences to 


which inquiries should be addressed. 


Any member or organiza- 


tion. Vacancies frequently recur for engineering 
personnel in the fields of electronics, mechanics, 
and aeronautics. Vacancies currently exist for 
Electronic Engineers at $5,058 per year. The 
qualifications for these positions are an engineering 
degree and 18 months’ professional experience of 
which 6 must have been in electronics 


Engineers—The U.S. Naval Air Station, Ala- 
meda, Calif., announces the following openings. 
Aeronautical Engineer (Gen.), GS-9, $5,060 
Investigates and prepares overhaul directives, 
correspondence, and reports on engineering 
problems pertaining to aircraft equippage and 
other items of air-borne equipment. Mechanical 
Engineer, GS-9, $5,060. Specifies facilities and 
designs mechanical equipment used in the over 
haul and test of aircraft components and engines. 
Electronic Engineer, GS-9, $5,060. Specifies or 
designs electrical and electronic equipment used 
in the overhaul and test of aircraft components 
and engines. Applicants should submit Standard 
Form 57, Application for Federal Empioyment 
(available at any Post Office), to: Employment 
Superintendent, Industrial Relations Department, 
U.S. Naval Air Station, Alameda, Calif. 

467. Aeronautical Engineer—To act as proj 
ect engineer on wind-tunnel tests and develop- 
ment contracts in a modern su'ssonic laboratory. 
Operated by a large eastern university with facili- 
ties for graduate work. Applicant should have 
Bachelor’s degree in Aeronautical Engineering 
and 1 or 2 years of aeronautical experience. Sal 
ary dependent upon background 


461. Senior Experimental Test Engineer—For 
a supervisory position in charge of the Jet Divi- 
sion Development Engineering Experimental Test 
Laboratory. The applicant must have a mini- 
mum of 5 years of experience as a supervisor in the 
mechanical laboratory testing field, preferably in 
direct connection with gas turbine components. 
He must be familiar with pressure, temperature, 
and vibrations measuring equipment and instru- 
mentation; must be able to supervise the design 
and use of test equipment; should be able to 
evaluate performance characteristics and write 
reports. This man will be assisted by technicians 
and draftsmen 


Available 


466. Quality Control Executive—M.E., age 
35. Two years’ high-level Air Force quality- 
control experience and extremely diversified air- 
craft engine and accessories background, including 
installation engineering, flight test, design, serv- 
ice, and field contacts. Well versed in both 
theoretical and practical aspects of statistical 
analysis as applied to quality control and in 
developing systems and techniques for quality 
assurance. Well acquainted with military quality- 
control procedures and requirements Desires 
responsible position in aircraft-engine, air-frame, 
or related industry. Complete résumé on re- 
quest, Available July 1. 


464. Design Engineer—B.S. in Aero. Engrg. 
Twelve years’ practical experience; 9 patents; 
desires opportunity to use inventive ability 


AERONAUTICAL ENGINEERING REVIEW: 


JACK & HEINTZ NEEDS 


PROFESSIONAL 
ENGINEERS 


Leading manufacturer of electrical and mechanical 
devices for both government and commerical appli- 


cations now selecting engineers for: 


ROTATING ELECTRICAL EQUIPMENT—A-C or D-C 
ELECTRICAL and ELECTRONIC CONTROLS 
MECHANICAL, SERVO, HYDRAULIC or 
PNEUMATIC MECHANISMS 
HYDRAULIC or PNEUMATIC MOTORS, PUMPS, TURBINES 


ALSO SPECIALISTS IN: 


HEAT TRANSFER 
GEAR DESIGN 
STRESS and VIBRATION 
TRANSFORMER DESIGN 
PRODUCTION CO-ORDINATION 


Unusual opportunity to make fast progress and gain quick recogni- 
tion in an uncrowded industry. Exceptionally interesting, diversified 
work on a wide variety of projects. Company-furnished meals, 
insurance, hospitalization and medical care. Liberal vacation policy. 
Plant location Cleveland suburb, close to good residential areas. 
Outline experience and minimum salary requirements in letter. 
Write Dept. 3261-35. 


Jack & HEINTZ, INC. 


CLEVELAND 1, OHIO 


APRIL, 19538 


463. Aeronautical Engineer—Turkish engi 
neer, M.S. of Aero.E Age 34, unmarried, inter- 
ested in returning to United States or Canada 
Ten years’ aerodynamic experience, including 1 
year of confidential work in major United States 
aircraft manufacturing concern Five years of 
aerodynamic work leading to chief aerodynamicist 
position in Turkish aircraft factory United 
States experience includes work on jet bomber 
More than 2 years on faculty of principal Turkish 
technical university Delivered theoretical aero 
dynamics paper before 1952 International Me 
chanics Congress. Prefers aerodynamic research 
in university Can present United States profes- 
sional and character references 


462. Technical Writer—Aviation Consultant; 
18 years’ experience. All phases including plan 
ning, operations, and maintenance, both private 
and air-line Can set up factory, maintenance, or 
flight operations. Majority of experience with 
aviation training facilities both flight and ground 
and air-line and private; consultations invited 
Successfully doing technical manuals, training 
manuals, and equipment manuals at home 
This saves the cost of man on hand at all times 
Not available to move from present position but 
inviting inquiries to do part-time work on above 
at home 


460. Mechanical-Aeronautical Engineer—B.S 
in M.Ae.E University of Maryland, 1949 
rhree years’ experience with Peruvian Air Forces 
covering aircraft maintenance, general mechanics 
and electrical engineering practice. Speaks and 
writes Spanish fluently. Actually living in Peru 
Desires position that presents opportunity for ad 
vancement through merit Prefers to initiate in 
research work in any branch of the aeronautical 
field Age 32, married 


459. Engineer—Ph.D. Age 33. Wishes to 
work with computing group using high-speed 
computing machines Background in aerody 
namics, thermodynamics, heat transfer, me 
chanics, and applied mathematics. Limited ex 
perience with digital computers. Please send full 
particulars 


458. Aeromechanical Engineer—B.M.E. Age 
34 Broad background in the aircraft industry 
including guided-missile electromechanical sys 
tems development, flight-test research, and stress 
analysis. Currently engaged as assistant project 
electromechanical engineer Accomplishments 
include direction of missile electrical system de 
sign, booster rocket installation design, test 
equipment design, environmental test program 
and flight-test programs. Seeking responsible 
position in missile, aircraft, or allied fields in 
greater New York City area only. Current sal- 
ary, over $7,000 Résumé furnished on request 


Changes 
of Address 


Please notify the Institute of 
the Aeronautical Sciences, 2 E. 
64th St., New York 21, NY., 


when you change your mailing 
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advance of publishing date to 
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